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REPORT OF THE DIRECTOR OF THE EXPERIMENT 

STATION. 



To the President of the Board of Regents : 

I have the honor to transmit herewith the fourteenth annual 
report of the Agricultural Experiment Station, of the Univer- 
sity of Minnesota, covering the work done at the Station at 
St. Anthony Park; and the two sub-stations established by 
an act of the legislature in 1895, the one at Crookston and the 
other at Grand Rapids, Minnesota. 

The report includes Bulletins 93 to 96, inclusive, published 
during the fiscal year, and a full account of the expenditure of 
the annual appropriation from the United States Government, 
as well as that received from the current expense fund of the 

University. 

The Minnesota Agricultural Experiment Station in account with 
the United States Appropriation, isr05-1906. 

Dr. 

To receipts from the treasurer of the United 
States, as per appropriation for fiscal 
year ending June 30, 1906, as per act of 
congress, approved March 2, 1887 $15,000.00 

Cr. 

By salaries $7,983.37 

By labor 

By publications 624.33 

By postage and stationery 217.96 

By freight and express 2.00 

By heat, light, water, and power 1,332.20 

By chemical supplies 43.19 

By seeds, plants, and sundry supplies 876.09 

By fertilizers 

By feeding stuffs 2,014.30 

By library 

By tools, implements and machinery 407.80 

By furniture and fixtures 439.67 

By scientific apparatus 73.86 

By live stock 622.34 

By traveling expenses 178.30 

By contingent expenses 7.25 

By buildings and repairs 177.34 

Balance 



$15,000.00 $15,000.00 



rFINAl^JCi:$.I^: STATEMENT. 

Statement of disbursements and receipts of the Minnesota 
Experiment Station for the twelve months beginning July 1st, 
1905, and ending June 30, 190ff, inclusive : 

Bisbut-isements. Receipts. Cash Outlay. 

Station ,. $116,097. 02 $ 473.49 $15,624.43 

Agriculture .-11,308.34 894,27 10,414.07 

Horticulture ...... . ....> 4,8&8.55 1,275.66 3,082.89 

CJiemistry . , ..^.920.09 2,920 . 09 

Entomology , 1,507 .39 . . ,/ . . . - 1,507 . 39 

Veterinary . . .' ..v...'.. ^,224:45 t2.i2. 2,151.53 

Dairy 1,200. 00 ; ....... 1,206.00 

Animal Husbandry ....,.,... . §,004.32 . 4,715.54' 3,288.78 



_k. 



$47,621.06 $7,431.88 $40,189.18 

Crookston . .^ *.,.$! ^9,8^3. a9 $1,883.39 $ 8,000.00 

Grand Rapids 5,572.94 1,872.94 4,000.00 



$15,'?56 .33 $^,756 . 33 $12,000 . 00 
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DIVISION OP AGRICULTURE. 

The work in the Division of Agriculture during the past year 
has been along the following lines: 

1. Plant Breeding. 

2. Testing of Varieties. 

3. Crop Rotations. 

4. Farm Management. 

5. Farm Statistics. 

6. Co-operative Corn Breeding and Testing, 

In Plant Breeding, the work has been a continuation of that 
of former years. Winter wheat, spring wheat, oats, barley, 
flax, and corn have been the main crops worked with, though 
considerable work has also been done with grasses, millets, 
hemp, clovers, and other legumes which appear to be adapted 
to Minnesota agriculture. No radical changes have been made 
in the methods of work and a considerable acreage is now 
devoted to this line of investigation. The work is carried on in 
co-operation with the United States Department of Agricul- 
ture, Bureau of Plant Industry, and is yielding valuable re- 
sults. One new variety of wheat, Minn. No. 188, which promises 
to meet the demand for an early wheat of good yielding quality, 
has been distributed this year to the farmers of the state. 
Other varieties are being developed which promise quite as 
much for the economic interests of agriculture, as the 169 
wheat and thfe No. 25 flax. 

In testing varieties of grain adapted to Minnesota conditions, 
the policy is maintained of collecting the most promising com- 
mercial varieties put on the market, and testing them in com- 
parison with those developed through the plant breeding 
nursery. With very few exceptions, we are flnding the best 
varieties coming from the nursery, though some valuable varie- 
ties are introduced through commercial sources. A new line 
of variety testing has been undertaken in connection with a 
test of Macaroni wheat. It has been commonly observed that 
Macaroni wheat after growing for two or three years on our 
heavy, moist soil, is likely to degenerate in character, and be- 
come soft and starchy. We aim to learn the reason for this, 
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and to find whether varieties may not be developed which are 
proof against this fault. Two varieties have been furnished to 
farmers in different sections of the state and grown on differ- 
ent soils. A milling test will be made of the crop resulting, 
and a careful study made of the adaptability of Macaroni 
wheat to certain soils and localities. 

The work in crop rotations has been a continuation of that 
started in 1894 by Prof. Hays at University Farm. The 13th 
year in the rotation has been completed and the results ac- 
cumulated in a bulletin which is now in press. This bulletin 
brings out some very valuable information in regard to the 
benefits of rotation in maintaining the productivity of land. 

A study of farm management has been made in connection 
with the class work in the School of Agriculture, and such 
fields as are available at University Farm are now kept under 
record for the purpose of learning the economic value of certain 
methods of management . This work is supplemented by a num- 
ber of cooperative farm management experiments which were 
inaugurated in the fall of 1905 by Mr. A. D. Wilson, assistant 
in Agriculture, in cooperation with farmers in different sec- 
tions of the state. In all, ten or twelve farms or portions of 
farms are being managed under his outlines, and a study made 
of the economic results as well as of the maintenance of soil 
fertility. 

The statistical work carried on in cooperation with the 
United States government has been continued throughout the 
year. The results at Northfield have been entirely satisfactory 
as have the results on the Marshall route. At Halstad, the 
continuous wet weather and the inability of farmers to harvest 
crops in the fall of 1905 and wet weather in the spring of 1906 
which prevented cropping, have seriously interfered with the 
acreage of crops grown. The results so far as obtained, how- 
ever, are g^atisf acotory. A bulletin has been prepared by Hon. W. 
M. Hays and Mr. E. C. Parker, assistant in charge of the work, 
which will be published in co-operation with the Government 
and also as a state bulletin. The matter is now in press. 

In the early winter of 1906 a new line of work was under- 
taken in cooperation with a number of farmers in different 



IX 

parts of the state. It has been a difficult problem to secure 
varieties of corn that were adapted to all sections of the state, 
and fifteen cooperative trial stations have been established 
under the direction of Mr. C. P. Bull, Assistant in Agriculture. 
The^e trial stations are systematically located in different sec- 
tions of the state, and varieties of corn that are likely to suc- 
ceed in each locality have been collected and grown this year. 
The variety best adapted for the locality has also been planted 
in a breeding plot, and an effort has been made to instruct 
farmers in each locality in methods of breeding and handling 
the corn crop, trying in this way to improve the varieties adapt- 
ed to each locality. 

The work, on the whole, for the year has been very encourag- 
ing, and a hearty interest has been felt in the work by those 
for whom it has been undertaken. 

This Division has published during the year Press Bulletin 
No. 24, on Seed Grain and Bulletin No. 95 on Some Common 
weeds. 

. DIVISION OF ANIMAL HUSBANDRY. 

The work of the year in the Division of Animal Husbandry 

has in the main been along the following lines: 

1 1. Records of Cost of Production. 
* _ __ 

2. Herd and Flock Management. 

3. Studies of Forage Crops. 

4. Farm Management. 

5. Feeding Experiments with Sheep. 

6. Swine Feeding Experiments. 

The studies of cost of production outlined in form.er years 
have been closely followed and improved where possible. Rec- 
ords are still maintained of the feed consumed and weights of 
cattle, sheep and hogs. These records have become valuable in 
deducing re3ults from the management of the herds and flocks 
under different conditions. 

In the herd and flock management, experiments have been 
inaugurated in methods of wintering brood sows, the compari- 
sions being along the line of wintering on alfalfa, roots and 
other rough feeds, and in comparisons of outdoor runs and 
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CPnfiDement in pens and the effect of both methods of treat- 
ment on the size and vigor of herds. The effect of different 
kinds of roughage on breeding ewes has also been studied and 
attention given to the effect of confinement in small pens and 
barns. The plan is to develop better methods of handling the 
flocks and herds under farm conditions. 

For a number of years the Division of Animal Husbandry 
has given a great deal of attention to the study of forage crops 
for sheep and pigs. During the past year methods of determin- 
ing the value of these crops have been perfected and the mat- 
ter is now in hand for a bulletin on the subject. 

Some farm management work has been undertaken in co-op- 
eratioB with the Agricultural Division, with the view of study- 
ing the 'effect of live stock on land, and the value and place 
of live stock in the management of the farm. These experi- 
ments are to be continued through a number of years in con- 
nection with the crop rotation work already under way by the 
Division of Agriculture, and also in a new series of rotation 
experiments just laid out. 

In a sheep feeding trial, comparisons have been made of the 
fattening qualities of western ewes, wethers and lambs. These 
sheep were purchased and run on the stubble and corn fields 
in the fall and the grains and pasturage secured carefully re- 

« 

corded. The sheep were then fattened on farm grown grains, 
and incidentally the effect of shearing on the rapidity of fat- 
tening studied. In connection with these feeding experiments, 
the maintenance ration of yearling wethers has also been 
determined, and some preliminary studies made on the effect 
of dips on the wool and shrinkage of wool after shearing. 

In swine feeding, the experiments have been confined largely 
to the study of economic results in hogging off corn, and the 
effect of food supplied tb the growing pigs on their fattening 
qualities during the finishing period. 

DIVISION OF CHEMISTRY. 

The Division of Agricultural Chemistry has published three 
bulletins during the year. Bulletin No. 94 on Soil Investiga- 
tions, treating of the Loss of Nitrogen from Soils and Fertiliz- 
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er Tests with Wheat and Corn. Two of the Bulletins have been 
published with the Office of Experiment Stations, Bulletin No. 
156, Studies on the Digestibility and Nutritive Value of Bread 
and Macaroni, and Farmers' Bulletin, No. 249 on Cereal Break- 
fast Foods, in cooperation with the Minn. Experiment Station. 
Professor Snyder has also written a text book entitled ** Dairy 
Chemistry." The work in the Divisioij of Agricultural Chemis- 
try is confined largely to the. study of problems in soil fertility 
and human and animal nutrition. Two bulletins have been 
prepared for publicatio^i during the coming winter — one on 
Farm Manures, and the other on Forage Crops. 

A large amount of analytical work along agricultural lines 
has been done for the farmers of the state, and also for othet 
divisions of the Station. Th^re have been no changes among 
the laboratory assistants during the past year which has added 
much to the efficiency of the work. 

An extended investigation is now in progress relating to 
the changes which take place in soils due to different systems 
of cropping. The special appropriation of $1000 made by the 
State Legislature for soil investigation became available August 
1, 1905. The work was not undertaken, however, until the 
following year, when experiments with fertilizers were started 
in a number of different parts of the State, the general plan 
of the work being similar to that outlined in Bulletin No. 94. 

It is believed that these soil investigations will indicate the 
special kinds and the extent to which fertilizers can be economi- 
cally used in different parts of the State. 

DAIRY DIVISION. 

The work in the dairy division during the past year was a 
continuation in the study of the relation of feed to milk pro- 
duction ; completing the work in rearing dairy and cross-bred 
steers, a preliminary study of the composition of milk and the 
relation of feed consumed and dairy products yielded as shown 
by the cows employed in the Dairy Cow Demonstration at St. 
Louis during the Louisiana Purchase Exposition in 1904. The 
compilation of the dairy herd record has been continued mak- 
ing a complete record of the daily yield of milk and butter fat 
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and feed consumed by each cow in the herd during a period 
of fifteen years. 

The herd records covering five years have been published in 
bulletins already issued by the station, and with the completion 
of the record for the present calendar year, another bulletin 
will be prepared covering the work done during ten years. 

Bulletins are now being prepared on the work done in rearing 
dairy and cross-bred steers, the four winters' work in a study 
on the minimum amount of protein required in normal milk 
production, the preliminary investigation on the composition 
of the various grades of milk and the several nutrients and total 
nutriment required by each cow in the Dairy Cow Demonstration 
at the Louisiana Purchase Exposition in the production of the 
different grades of milk and a unit of milk solids. All this 
work has a direct bearing on the main subject under investiga- 
tion : The disposition a cow makes of the nutriment provided 
in the feed — how much is used for the maintenance of the body, 
the amount used in gain of body weight ,if any, and the amount 
required for the solids in the milk. These things must be at 
least approximately determined before feeding for milk pro- 
duction can be formulated upon a scientific basis. 

During the past year there has been a great increase in the 
number of samples of milk and cream sent to this division for 
' an official test for per cent of butter fat. The almost universal 
object is to ascertain if the milk producer is getting proper 
credit for the butter fat in his milk or cream. A number of 
creameriees periodically send composite samples of the patrons' 
milk or cream to make sure that all members are fairly dealt 
with. There is also an increased demand on the part of breed- 
ers of dairy stock for official supervision of the yield of milk 
and butter of individual cows ranging from weekly to yearly 
records. This work is considered of great importance as it en- 
courages the breeding of better dairy, stock, a closer study of 
the feeding problem and methods of handling dairy stock for 
best results. 

There is also a great demand for addresses at dairy meetings 
and creamery picnics on the general advantages in cooperative 
dairying, and at periodical schoolhouse and town-hall meet- 
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ings on best methods of feeding and caring for dairy stock. 
These meetings are proving highly beneficial as is shown by the 
steady increase in our co-operative creameries, the improvement 
of dairy stock, and the constantly increasing yield of milk and 
butter fat per cow. 

DIVISION OF ENTOMOLOGY. 

Prof. Washburn reports that this division has discovered 
several new points, hitherto unknown, in the history of the 
Cabbage Maggot. From this maggot have been reared several 
parasites, and several remedies determined to be useless here, 
which have found favor in Eastern states. 

At present, the most practical treatment for cauliflower and 
cabbage on a large scale seems to be either the use of carbolic 
emulsion or the scraping away of the eggs from the vicinity of 
the plants, with the probability that the latter method is the 
better. We have been conducting co-operative and comparative 
experiments on dust and liquid spraying, and have obtained 
good results from both methods. Co-operative experiments on 
a large scale have been in progress in trapping species of 
Lachnosterna whose larvae feed upon roots of grass. The 
experimental garden of this division is proving of excellent as- 
sistance in the work against the Cabbage Maggot and other 
insects. 

A large number of insects have been identified and about 
two thousand letters have been sent out from this office, largely 
in answer to inquiries regarding insects. About fifty nurseries 

have been inspected in accordance with the law. 

The bulletin on ** Two-winged Flies Affecting the Farm, Gar- 
den, Stock and Household in Minnesota*' was issued by this 
division. 

The insect collection has been enlarged and a number of ex- 
periments begun. Work has also been carried on against a 
scale insect which threatens horticultural interests, and a study 
of life histories of the Hessian Fly, the Chinch Bug, Scale in- 
sects, and various other Minnesota pests in the insectary. 
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HORTICULTURAL DIVISION. 

The principal work of the Division of Horticulture of the 
Experiment Station during the past year has been with fruits 
and potatoes, and in the introduction of new plants. One bul- 
letin having about 110 pages has been published, which is a 
report on the behavior of ornamental and timber trees, shrubs 
and herbaceous plants used in this state. 

The work with fruits has consisted of variety testing, and 
work in plant breeding, a report of which was presented to the 
State Horticultural Society and published with their proceed- 
ings. This work has consisted of an effort to secure greater 
size and marketing qualities in our hardy plums, by combining 
our Americana sorts With the Japanese varieties. A very favor- 
able place for doing this work was found near Lake City, where 
some of the Japanese varieties were growing near the Am- 
ericana sorts. Considerable careful hand-crossing of these 
species has been done and the setting has been very satis- 
factory. We expect to get about 12 bushels of plums from 
which the pits will be saved for raising seedlings. 

From the crossing of the hardiest grapes, done a year ago, 
we have 400 seedlings of much promise. These are the result 
of hand crossing between the Beta and some of the Labruska 
and the Labruska hybrids. Our aim is to secure grape vines of 
sufiScient hardiness to remain on the trellis even in our se- 
verest winter weather without injury, and that will produce a 
reasonable amount of fruit of good quality. This work is full 
of promise. 

The seed was saved last year from 18 barrels of Malinda 
apples that had been grown in the tops of Duchess trees. This 
seed has been planted and we hope that in it we have combined 
the good qualities of the Duchess with the Malinda. We have 
now about 5000 seedlings from this seed and have planted out 
about 400 Hibernal apple trees on which it is proposed to top 
work these seedlings as soon as scions can be obtained for the 
purpose. 

About 5000 plum seedlings from choice kinds have also been 
planted out this year for fruiting. 
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The plant breeding work with potatoes has consisted of an 
effort to determine why it is that our potatoes produce so little 
seed. A study has been made of the plant o^gau?, which 
proiEises some ^ ery ex?e\'t5nt results. Wo ^r^^ ii]r^ -^ying to 
combine the good .^AAlitiej of some of our JLo-rdiei* kinds with 
the wild South American potatoes, in the hope of getting 
varieties that are more immune from disease than any we now 
have. 

With strawberries we have made a large number of crosses 
between the wild Alaskan berry, which is extremely hardy 
and healthy, with some of our best cultivated kinds, and also 
crosses between our own native and cultivated kinds, and we 
now have about 3000 seedlings as the result of our work this 
year. Crossing work of similar nature has also been done with 
black berries and raspberries and we believe is full of promise. 

In connection with variety testing we have grown over 50 
varieties of potatoes with the object of finding out those that 
are most immune to disease; also the most productive and 
adapted to the manufacture of alcohol. For this latter purpose 
an entirely new class of potatoes may be used, as it is not neces- 
sary to have them of the best quality. Variety tests have also 
been made with strawberries, apples, plums and our other 
hardy fruits. 

Several thousand seedling plants of kinds adapted to this 
section have been distributed among the nurserymen and horti- 
culturists of this section. Included among these are, Pyrus 
baccata, Cratagens rotundifolia, Eleagnus angustifolia, Shep- 
herdia argentea and Ribes alpinuili. 

The work contemplated for the coming year will be largely 
along the lines outlined above. This we regard as the most 
promising field of work for this section at this time. 

VETERINARY DIVISION. 

Since the . last report for this division the routine work 
of correspondence and medical care of the farm stock 
has continue^ about as during previous years. 

The loss from disease and accident among the farm stock 
has been very light during the year covered by this 
report. We have tested with tuberculin 147 cattle, of which 8 
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reacted. Of thece reactors 3 were raised upon the farm and 
5 were new purchases, which makes a very favorable showing 
as to the condition of the farm herd. 

BULLETIN RESEARCH WORK. 

Ventilation. The work with stable ventilation has continued 
according to plan laid down in previous reports and there is 
now completed another yearns work, which will furnish at least 
two and perhaps three bulletins. 

The chief problems which we are attacking in this work are 
the following: 

(a) To determine if domestic animals are actually injured 
or rendered unprofitable feeders by naturally vitiated stable 
air in the absence of disease germs ; if so, where and how, 

(b) Whether an animal's disease resisting power is de- 
creased by the use of unventilated stable air. 

(c) The most efficient means of accomplishing such ventila- 
tion. 

(d) The least amount of ventilation compatible with normal 
health, comfort and profitable feeding. 

Since the last report new features have been added to this 
work, especially in connection with laboratory work with urine 
of confined animals. It is well understood by physiologists 
that this secretion furnishes a valuable index as to the metabo- 
lic processes going on in the body tissues. If the animal is re- 
ceiving harmful effect it should show in this secretion. 

Experimental animals have been confined in atmospheres of 
varying compositions, in naturally contaminated — also in free 
air, and considerable amount of data has been secured on this 
point. Other features will be added, for instance, exposing 
animals to atmospheres contaminated artificially by means of 
the introduction of carbon dioxide gas, and to other atmos- 
pheres altered by the removal of a portion of the oxygen. The 
purpose in this is to see whether the addition of carbon dioxide 
gas or the lessening of oxygen, or a combination of these two 
conditions will result injuriously, in the absence of other 
materials which collect under conditions, of natural contamina- 
tions — especially in the absence of germs of infectious diseases. 
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One other feature which is deemed of great importance, which 
has not been touched as yet, is to determine the effect of natur- 
ally vitiated stable air upon the disease resisting power of the 
confined animal. We should expect positive and definite re- 
sults in connection with work along this line. 

Tuberculosis. Y7ork in the study of outdoor infection of 
cattle with tuberculosis is probably closed for the present, it 
having continued three years. In this experiment it has been 
the plan to allow healthy young cattle to run in the pasture 
with a considerable number of tuberculous cattle, and allow 
the healthy ones no exposure except what they may get in the 
open air — with the view to determining something concerning 
the probability of outdoor infection and whether it is safe to 
allow tuberculous and healthy cattle to pasture together. It 
is unfortunate that this work could not be carried still further. 
Our results so far have been quite important and will be pub- 
lished in bulletin form. 

The work which was taken up during the latter part of the 
preceding year, in the study of the virulence or infectiousness 
of feces of tuberculous cattle, has been continued throughout 
this year. This work is being done in collaboration with the 
State Live Stock Sanitary Board, the station furnishing the 
laboratory facilities, stabling for laboratory animals, and the 
original plan of the experiment ; the Sanitary Board furnishing 
bacteriologist and the laboratory animals used. It is the pur- 
pose in this work to secure positive information concerning 
methods in which this desease is disseminated. There is an 
abundance of evidence concerning the methods in which the 
tubercle bacilli are received into the bodv to be infected, and 
very little information concerning the methods by which the 
germs are given off by the diseased animals. This work has 
included careful laboratory work, together with field notes, and 
has covered work with feces,' nasal secretion and some work 
with the urine. There has been a considerable amount of work 
done by others with milk so this feature is not being taken up 
in this connection. 

Available animals at the station have been utilized and also 
a large herd of tuberculous cattle which are being held for 
breeding purposes on a farm elsewhere.. 
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This work is nearicg completion, so far as the first section 
of the original plan is concerned, and will soon be ready for 
publication. 

It is reported with pleasure that Congressman Davis has 
secured an appropriation of $5000 for special work at this in- 
stitution with haemorrhagic septicaemia, malignant catarrh 
and infectious cerebro-spinal meningitis. 

NORTHWEST EXPERIMENT I^ARM. 

Wm. Robertson, Supt. of .the Northwest Experiment Farm, 
Crookston, Minn., reports for the year ending June 30, 1906, 
as follows : 

The past three years have been unusually wet in the 
Red River Valley. The larger portion of the rain-fall in the 
season of 1905 came in the months of August and September, 
interfering much with the harvesting and completion of any 
results or experiments attempted with the growing of different 
varieties of crops. As the wet weather has continued through 
the spring of 1906, practically nothing has been attempted in 
the propogation of plants, except the setting out of a dozen 
different varieties of apple trees and half a dozen varieties of 
strawberries, with a view to • determining the results of their 
growth under cultivation in this region. Most of the grasses 
which have been on trial here have been in crop so long that 
the yields are light, and they are badly infested with squirrel- 
tail. On account of the season and the condition of the fields, 
most of our energy has been devoted to the matter of securing 
suitable drainage for the farm. After a topographical survey 
of the farm had been taken by tjie National Department of 
Agriculture in the fall of 1905, and after a proper outlet had 
been decided upon, a petition was circulated for a County ditch 
passing the north side of the farm, which would also furnish 
drainage to a considerable territory north and east of the farm. 
In April of the present year this petition was granted, and 
Polk Co. ditch No. 60 was established. Along with this a pro- 
ject for the local drainage of the farm was started, which would 
give a test of the working of tile-drains in the Red River Valley 
in comparison with open drainage. In order that this might 
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be done in a skilled manner, and that the results might be 
more widely distributed, the Office of Experiment Stations at 
Washington was invited to enter into a co-operative experi- 
ment, the Department drawing up plans and specifications and 
the State doing the work. This invitation was accepted, and 
John T. Stewart, Engineer in charge of the Department's topo- 
graphical survey work in the Red Rivei* Valley, was appointed 
to supervise the work for the department. Plans have been 
drawn and accepted which will include the laying of about 
50,000 feet of tile and the digging of one and one-half miles 
of open ditch. A portion of the farm will be operated under 
surface drainage, for comparison of results. It is planned to 
lay these tiles at diflferent distances apart and at different 
depths, also to establish wells at different distances from the 
tile to determine the effect of thp tile upon the water-level. 
Tests will be made of the alkali content of both the water and 
the soil at the present time and after the drainage is installed, 
in order to determine the effect of the drainage upon this feat- 
ure. It is proposed also to keep a record of the expense of in- 
stalling this drainage system, to help others who may be con- 
sidering the taking up of like work. Information is being 
gathered as far as possible in regard to the various machinery 
in use at the present time for ditching purposes, and its 
adaptability to the work. 

The poultry department of the farm has passed through a 
very successful year. Considerable stock and eggs have been 
distributed over the state for breeding purposes. A number of 
experiments are in progress in the comparison of dry and wet 
mashes and in the fertility of eggs in heavy and light layers. 
The breeds kept at present are Barred Plymouth Rock and 
Single-Comb White Leghorn, Pekin Ducks and African Geese. 
About 2,000 chicks have been hatched the present season. 

The pure-bred cattle kept on the farm are Galloways and 
Short-horns. Quite a number of sires of both breeds have been 
sold, and some culling has been done. 

A mile of heavy black road adjoining the farm has been 
maintained in excellent shape by means of the King road-drag, 
with a view to showing the farmers what can be done with a 
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heavy dirt road. The results have been very encouraging. 

NORTHEAST EXPERIMENT FARM WORK FOR 

YEAR 1905. 

The field work for 1905 dealt with crop rotation, variety 
tests, improvement of varieties, then selection and acclimating, 
and soil improvement, then the use of clover and barn-yard 
manure. Crop rotation is conducted under two systems, a plot 
system and field system. In the plot system 32 tenth acre 
plots are used and in the field system, the different fields of 
the farm vary in size from 4 to 12 acres. 

On the small plots various systems of rotation are conducted 
to determine the one most practical and best adapted to this 
section of the state. The field rotation is more on a demonstra- 
tion order using the rotation found best on the small plots. 

In the field crops were grown all the siraU grains including 
the Canada field pea to which considerable attention is being 
given owing to its value as a substitute for corn in hog raising 

Clover and timothy gave their usual heavy yield. Fodder 
corn was grown for ensilage. Corn grown for ears did not 
mature. Alfalfa sown the spring of 1905 made a good catch 
and survived the first winter. In the root crop stock carrots 
were principally grown, being found more reliable in produc- 
ing a crop than the mangle. ^ 

In the variety tests different varieties of wheat, oats, barley, 
com, potatoes, etc., were grown. These varieties were selec- 
tions from a number of varieties grown on the farm for the 
past six years. The aim now is to improve the varieties that 
have been found best then selection of the best individuals of 
each variety. 

In soil work the farm affords the different kinds of soils 
commonly found in northeastern Minnesota — clay, clay loam, 
sandy loam, and peat or muskeg soil. 

An experiment was planned for peat soil, but owing to the 
excessive rainfall of 1905 nothing was accomplished. 

The effect of barnyard manure on sandy soil was most pro- 
nounced, the yield being double in the growth of fodder corn 
and equally effective in the production of root crops. 
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This spring (1906) an experiment, is being poijducted with 
(JbmAiercial fertilizer. ' - ' ' 

In live stock most attentio'n is given to ijairying' and the 
raising of bacon hogs, this being considered the most prorhis- 
ing branch of farming for northeasten^i Minnesota. As yet the 
dairy herd is only in its formative sthge^ IJeiiig graded up 
from common stock. A Red Poll bull ot the dairy type is being 
used. The breeding is experimental, ^the R^d Polls not being 
a fixed dairy type^^^THi^ ffiirpose of this breejling is to develop 
dairy quality in cotS?^cti6n with the htirdiiie^s and adaptability 
of the Red' Polls.- :A:^Vieithsey buirhas i-ec^i^tly beeii' purchased 
and this breed vt^ill afsb bfe bred to replac^ the Red Polls in case 
the latter prove unsatisfactory for special dairy purposes. 
'' A silo was' built lalt^^af^of 100 ionbiiWpftcity.' It .^-as filled 
with fodder corn and fed throughout the winter, giving entire 
satisfaction. Attention is ,filso given th,e feeding of roots to 
dairy cows as a substitute "for grain. Thii*teen cows were 
milked duping the year, This number [will be increased to 
twenty fgr the Qoming^year..;' A; complete, record is being kept 
with ^aph^ in dividual cow, of milk .ftnd butter pro4uc^d and 
feed consumed. AH the buli; calves are vealed. The heifers 
are raised for the dairy herd. ' y ^o . i,.^ ' 

The raisi^g of ^jacon pigs in connecti^n-withd'airKijig^ is most 
promising. . * . ' ^ -; . : - ' \ » V 

In 19P5; fifteen pigSr\y^f« raised ^r.om two yggws.f They were 
grown largely on clovep pai^tiire'^ndir^kim^inilkr andii^\shed on 
peas and barley. They attained a live weight 'Of 200 pQunds at 
seven months. 

In the absence of corn a first class lard hog cannot be pro- 
duced, but with clover, peas, and barley and the by-products 
of the dairy there is no apparent reason why northeastern Min- 
nesota cannot produce as choice bacon as any country noted 
for this product. 

A flock of 25 high grade ewes was bought in the fall of 1904 
to replace the grade Merino ewes which had been on the 
farm for some time. 

The poultry department is being developed as much as pos- 
sible from a small beginning. The Barred Plymouth Rocks 
and Brown Leghorns are being bred. 
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A new building (23x39) one and one-half story with base- 
ment has been built. The basement is for a creamery and the 
upper part for the farm help. 

As yet only 160 acres of the 450 of the farm have been cleared 
and put under cultivation. It is now necessary to clear up 
more of the farm to provide better pasture for the increased 
number of stock. 

The results of the work of the farm for 1905 were published 
in press bulletin fo^m. These bulletins were published in over 
60 local papers of this section of the state and in this way 
gotten before the farmers. The work was also brought before 
many of the farmers thru a short circuit of institute work in 
the fall, aud thru agricultural meetings held at various times 
thruout the year. 

REPORTS AND BULLETINS. 

We have many calls from agricultural colleges and experi- 
ment stations, also from public libraries, for copies of former 
reports and bulletins. We have about 15,000 names on our 
mailing list ; besides many bulletins are sent out on special re- 
quest. Those who are not keeping files of our publications are 
urgently requested to return to us any copies they may have 
of our old reports and bulletins. 

Four bulletins comprising 352 pages, with illustrations, have 
been issued during the year; also one press bulletin. These are 
free to all citizens of Minnesota who apply for them. 

Respectfully submitted, 

W. M. LIGGETT. 

Director. 
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A BRIEF OUTLINE OF INSECT CONDITIONS 
AND WORK OF THE YEAR 1905. 



F. L. WASHBURN. 



This has been a year of surprises in that certain destructive 
pests have been unexpectedly active, while others which we will 
always have with us and which usually work havoc each year have 
done little or no injury during the past season. The Hessian Fly 
has been present on grains and grasses, but to a limited extent, 
not sufficiently noticeable to cause complaint. It is safe to say, 
however, that this insect will be more noticeable the coming 
season, and will, if climatic conditions favor, increase in numbers 
each year for several seasons, until it reaches its climax in numbers 
and injury done, after which it will practically disappear, as it has 
this season, only to repeat the same phenomenon later. This peri- 
odic increase and decrease in the numbers of this, probably our 
most serious grain pest in Minnesota, is due largely to the presence 
of parasitic insects which prey upon it. As the Hessian Fly in- 
creases in numbers, so does its parasites, until the latter get the 
upper hand, and the fly disappears. But in the killing of its host the 
])arasite has destroyed its food supply, and hence its numbers are 
materially lessened, giving the Hessian Fly another chance. It is 
estimated that the average annual loss in the United States alone, 
ilue to this fly, amounts to nearly $50,000,000, and about five years 
ago it raised that tax to $100,000,000 for one year, Ohio and Indiana 
coi il ': . ig $24 X),ooo of that sum. Tlie Chinch Bug, companion 
pest )1 1 e Hes an Fly, has been conspicuous by its absence, 
tliou' \ c J w we reported from one or two localities. This insect, 
also h' ( spari) us this year, will visit us again in destructive 
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numbers. The United States loses annually, on an average, at the 
hands of the Chinch Bug nearly $100,000,000. Of other wheat in- 
sects, the Wheat Stem Maggot, Meromy::a americana, has been 
taken in considerable numbers, and the occurance of the Joint 
Worm has been reported to this office. These two latter pests, as 
well as the Frit Fly, are undoubtedly with us. thoueh not in suf? 
cient numbers as yet to be destructive. 

I have to report quite a serious loss to farmers who would raise 
alfalfa seed through the voracious appetite of the Red-legged 
Grasshopper or Locust, Melanopiis femur rubrum, which prevented 
the formation of seed on many acres in Hennepin county. This 
was not reported to the entomologist until the damage was done ; in 
fact, the farmers themselves did not realize the havoc which was 
quietly going on in their fields until too late to prevent it. I have 
little doubt but that next season, fore-warned as we are, a repetition 
of this can be prevented. 

Early in the summer various species of cut worms were reported 
bad in certain sections, flax growing districts being perhaps the 
worst sufferers. No specimens reached us with the complaints. 
We have in Minnesota over two hundred species of caterpillars 
commonly referred to as "cut worms.'* In June many inquiries 
reached us regarding galls on plum leaves. This trouble was caus- 
ed by a small mite known as Eriophyes padi. It has been trouble- 
some before this date, being reported from Minnesota in 1884. The 
Cottony Maple Scale, Puhinaria imiuinerabilis, has been again a 
serious pest. It has been discussed and remedies given in a pre- 
vious report from this department ; we have every reason to ^^'^Heve 
that it will be finally conquered by parasites and predaceous insects 
The Stalk Borer, Papaipema nitela, has been destructive again, as 
has the corn worm, Heliothis armigera, the cotton boll worm of 
the South. A serious report of this pest reached us from Cannon 
Falls, where "every other ear" was said to be infested. No com 
plaint has reached us this season of the Grain Plant Louse, an 
insect which caused wheat growers some alarm last year. We hav»' 
had our usual quota of green cabbage worms, potato beetles, and 
insects affecting squashes and melons. Potato beetles were report- 
ed as being especially bad in the northern part of the Red River 
Valley. The striped cucumber beetle has been kept in check by 



dusting air slaked lime on the plants. The White Grub, larva o/ 
Lachnosterna, sp., has ravaged lawns to a marked extent, its injuries 
being particularly noticeable in cemeteries and like situations, 
where large tracts of grass make it a difficult pest to conquer. The 
robins are amongst our best friends in waging war on this pest, 
since they find and eat many of them daily. A few years ago we 
found we could eradicate this grub by the use of bisulphide of 
carbon, and we made an effort this year to find some other remedy 
which was perhaps more practical for large affected areas. In the 
course of our experiments we discovered that the grub could stand 
immersion in a very strong tobacco solution for several hours 



without serious results, apparently. Hellebore was used in various 
ways without success. We have in mind two preventive measures 
which we shall test next season if opportunity offers. 

Bruchophagus (Euryloma) funebris, was reared in considerable 
numbers from crimson clover. Varieties of thistles, amongst them 
the Canada thistle, were noticeably preyed upon by dark colored 
caterpillars, the larvae of Vanessa cardn'i, that most cosmopolitan 
of all butterflies, found everywhere, except in South America and 
the Arctic regions, and many of these were killed thereby. While 
abundant, these caterpillars were not sufficiently numerous, of 



, to materially affect the thistles, and, it must be confessed, 
also turned their attention to garden plants, hollyhock, calendula, 
etc. 

Mention has been made above of a troublesome gall-producing 
mite on the leaves of plum. We have to report, also, in this con- 
nection, Cecidomyid gall makers again injuring leaves of Soft 
Maples, Box Elder, and the cockscomb gall locally abundant on 
leaves of White Kim. In one county we secured specimens of the 
peculiar globe-like galls on Red Elms, caused by the gall-making 
plant louse, known as Pemphigus ulmi-fusits. The Plum Curculio 
has made its presence felt on apples as well as plums, and the 
New York Weevil, Ithvcerus noveboracensis. working on fruit trees. 



Fig. Z FimpkigM, Hlmi-fujiu on Red Elm. 

has been complained of in some counties. A lepidopteran borer. 
Podosesia syringte, has attacked young ash trees near Adelaide, so 
weakening their trunks as to cause them to be broken down by 
the wind. A green saw-fly larva has worked on the leaves of ash 
trees, and is at present in our breeding cages awaiting its trans- 
formations, that we may identify it. 

From one to several inquiries regarding injurious insects have 
been received from each of the following counties: Becker, Mc- 
Leod, Morrison, Itasca, Yellow Medicine, Kandiyohi, Ramsey, 
Brown, Rock, Hennepin, Polk, Lac qui Parle, Stearns, Otter Tail, 
Wright, Scott, Clay, Nobles, Lake, Norman, Rice, Marshall, Da- 
kota, Freeborn, St. Louis, Waseca, Todd, Isanti, Watonwan, Cass, 
Nicollet, Big Stone, Dodge, Douglass, Renville, Cottonwood, Crow 
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Wing, Carlton, Wabasha, Fillmore, Redwood, Blue Earth and 
Lyon. 

Four houses in the Twin Cities, to our certain knowledge, and 
there were doubtless others, have been over-run with the so-called 
"book louse," Troctes divinatoria, which, by the way, is by no means 
always confined to books. In these particular cases these tiny 
pests swarmed in bureau drawers, and closets, over dothing, on 
walls and the backs of pictures, and in fact in every place likely 
to disgust a sensitive house-keeper. An effort was m;\de by this 
department to free two houses of this unwelcome guest, and partial 
success was attained by the use of hydrocyanic acid ga>», the fam- 
ilies vacating the premises in question for about thirty hours. We 
were unable to locate the starting point or breeding place of the 
insects in these two cases. It is a significant fact, however, that 
all of these residences known to be infested are new houses, built 
within a year, the present occupants being the first to use them. 
Serious outbreaks of Psocids are unusual, though some an^ on rec- 
ord, starting from straw or husk fillings of mattresses, in which 
they find a congenial breeding place. No such chances were offered 
the insects in the cases above referred to, and we ar**. constrained 
to believe, from our observations, that they came from the space 
betwen the walls, or under the floors, or both. Another family, 
which, for a year or more, has been troubled by that very common 
household pest, the little red ant, has appealed to the entomologist 
for relief, and at date of writing, believe they have been practically 
conquered by the use of bisulphide of carbon, after they had been 
traced to their retreat, evidently the walls of the furnace room. 
Our object in this case, of course, is to kill the queen or queens in 
the nest or nests thus preventing increase, as well as killing all 
worker ants in the nest at time of treatment. 

In a special report on the Flour Moth, issued in February, 1904, 
we counselled great care in the use of hydrocyanic acid gas against 
this pest, and on account of the danger of its application, unless 
in the hands of experienced parties, it was placed among remedies 
which were regarded as undesirable for any cause. Personal work 
with this agent since that date, as well as work done by others in 
the East, convinces us that it is the most effective and useful of 
all known remedies when intelligently used. It is absolutely sure 
death to all eggs, which cannot always be claimed for the freezing 
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method; it is always available at any time of the year; the gas 
is most penetrating in its nature, reaching every crack and cranny 
about the mill; it recommends itself to insurance companies with 
whom millers hold policies, since it is absolutely non-explosive 
when used at the strength desired for the Flour Moth, which 
cannot be said of treatment with bisulphide of carbon. I heartily 
commend it to our millers as safe and effective when properly used. 
It should be thoroughly understood, however, that to breathe it 
is fatal. This very f^ct makes its use safer, since it is used with 
great caution by those familiar with it. 

Out of the seventy-four listed nurseries in the state, we have 
inspected, according to law, forty-five, an increase of seven over 
last year. Their names follow below. The money received for 
this inspection has been handed to the state treasurer, as evidenced 
by his receipt: 

F. L. Washburn, in Account with State and Nurseries, Debit by Cash 

Received. 

No. of No. of 
Name and Town. Cert. Receipt. Cash. 

Mitchell Nursery Co., Owatonna 66 

Clinton Falls Nursery Co., Owatonna 67 

Wedge Nursery Co., Albert Lea 68 

Albert Lea Nursery Co., Albert Lea 69 

Gopher State Nursery, Albert Lea 70 

Minnesota State Nursery, Albert Lea 'jd ) $49.61 

Winnebago Nursery Co., Winnebago City.... 71 

St. John's Nursery, Fairmont 99 

McKisson's Fairmont Nursery, Fairmont 75 

Amber Lake Nursery, Fairmont 72 

Kanaranzi Nursery, Adrian y^ j 

Luverne Nursery, Luverne 74 

Hennepin Co. Nursery, Eden Prairie yy yy 5.30 

Deephaven Nursery, A. O. Hawkins, Excelsior 79 79 1.55 

Chas. Hawkinson Nursery, Excelsior 78 78 1.55 

North Star Plant Farms, J. W. Beckman, 

Cokato 83 83 1.40 

Wright Co. Nursery, John Eklof, Cokato 80 80 1.40 

D. M. Bowers Nursery, Howard Lake 81 81 1.40 

Howard Lake Nursery, W. L. Taylor 82 82 1.40 

Victor Nursery, W. H. Eddy, Howard 84 . . 1.40 

Rose Hill Nursery, John Hawkins, Minneapolis 85 . . i.oo 



1905- 


July 


5. 


July 


5. 


July 


6. 


July 


6. 


July 


6. 


July 


6. 


July 


8. 


July 


8. 


July 


8. 


July 


9. 


July 


10. 


July 


II. 


July 


13. 


July 


15. 


July 


15. 


July 


24. 


July 


24. 


July 


24. 


July 


24. 


July 


24. 


July 


25. 
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1905- 
July 25. 
July 26. 
July 27. 
July 28. 
July 28. 
Aug. I. 
Aug. 10. 
Aug. 12. 
Aug. 12. 
Aug. 12. 
Aug. 18. 
Aug. 29. 

Sept. II. 
Sept. II. 
Sept. II. 
Sept. 12. 
Sept. 12. 
Sept. 14. 
Sept. 15. 
Sept. 15. 
Sept. 15. 
Sept. 15. 
Sept. 15. 
Sept. 15. 



No. of. 
Name and Town. ' Cert. 

Jewell Nursery Co., Lake City. 86 

Pleasant Valley Nursery, Winona 90 

Vinegar Hill Nursery, Houston 91 

Preston Nursery, Preston 92 

Spring Valley Nursery, Spring, Valley 88 

Twin City Nursery Co., Minneapolis 87 

Vine Grove Nursery, Minneapolis 89 

Farmers' Seed Co., Faribault 93 

Andrews Nursery Co., Faribault. 95 

Brand Nursery, Faribault 94 

Northwestern' Nursery, Pipestone 96 

L. L. May & Co. (Mayfield, Lakeland), St. 

Paul 97 and 98 

West Concord Nurseries, West Concord iii 

Dodge County Nursery, Mantorville 100 

Byron Nursery, Byron loi 

Mankato Nursery and Poultry Yard, Mankato. 102 

New Ulm Nursery, New Ulm 103 

Cannon Falls Nursery, Cannon Falls 109 

G. W. Strand, Taylors Falls 104 

Old Fashioned Flower Garden, Excelsior. . . 105 

Excelsior Nursery, Excelsior 106 

Lyman Nursery, Excelsior 107 

Brackett Nursery, Excelsior 108 

Hoyt Plant and Seed Co., St. Paul no 



No. of 




Receipt. 


Cash. 


88 


5.50 


• • 


475 


86 


6.50 


87 


550 


• • 


5.00 






2.60 






2.60 






2.40 






2.40 






2.40 






8.00 


• • 


5.70 


54 


1.50 


53 


2.00 


55 


2.00 


56 


5.00 


97 


5.10 


99 


5.10 




» • 


5.10 



1 
j 



4.35 



1. 00 



Total 



Credit by cash paid State Treasurer. 



$150.51 
?i50.5i 



We found the nurseries, for the most part, in excellent condition. 
A. weak point in our law, however, has been brought to our atten- 
tion. One or more nurseries, it is evident, buy trees from the 
South, from a region affected by the San Jose Scale, and sell to 
Minnesota patrons. It does not follow necessarily that their trees 
are infested with this dread scale, because those districts are 
fairly well controlled by inspectors ; but it is not, as we know from 
experience, a difficult matter for an infested tree to be overlooked. 
We do not want such trees in this state. The present law gives the 
entomologist no option. A man may only own an acre of ground, 
or none at all ; he may have only a thousand trees or less, on 
rented ground, his entire business consisting of buying and sell- 
ing, the entomologist's certificate going upon all trees handled by 
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his agent, no matter from what part of the country they may come. 
This could easily be remedied by an amendment to the present 
law. A move in the right direction was made at a combined meet- 
ing of nursery inspectors of the National Nursery Men's Associa- 
tion held at Washington, D. C, in November. One object of this 
meeting was to secure greater uniformity in the inspection laws of 
the various states. Notice has been sent to all Minnesota nursery- 
men of the recent passage of an inspection law in South Dakota, 
making it necessary to attach the inspector's certificate to all ship- 
ments into that state. 

Since: the last report was made we have been allowed by Direc- 
tor Liggett about a quarter of an acre at the Experiment Station, 
which we make use of as an experimental garden. On this not 
overly fertile ground we have planted a couple of hundred fruit 
trees, in nursery rows, current and gooseberry bushes, and rasp- 
berry and blackberry vines. We also grew during this season pota- 
toes, onions, squashes and melons, and cabbages, cauliflowers, 
rutabagas and radishes, the latter four for experiments with the 
cabbage maggot. In connection with the garden we have installed 
a stove and boiler for use in making insecticides which require 
heat. Upon this ground also we have been testing a number of 
honey plants, grown from seed received from the Department of 
Agriculture at Washington and elsewhere, to determine their rela- 
tive attractiveness to bees, their honey producing qualities, and 
their hardiness in this climate. This experimental garden is to be 
regarded as a valuable adjunct to our work. In addition to the 
various honey plants in our garden, we have been able through 
the courtesy of the Agricultural Department of the Experiment 
Station, to plant a quarter of an acre with Sanfoin, Onobrychis sativa, 
with the same object in view, namely to test its qualities as bee 
pasturage. Through the courtesy of the Bureau of Entomology 
at Washington we have been enabled to add to our experimental 
apiary a swarm of Carniolan bees and a swarm of Caucasians. 

Experiments against the Leaf Hopper, Empoasca mali, in large 
nurseries, have been continued during the past sea3on. We have 
used a compound of kerosene and water, mechanically mixed by 
means of kero-water pumps, with considerable success. The work 
will be continued another season. This pest has not, apparently, 
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been as troublesome this year as in preceding years. Our chief 
experimental work during the summer has been against the cab- 
bage maggot, and a report devoted to this pest will be made later. 
As far as we have gone with the work, we feel that it can best 
be controlled by the use of carbolic emulsion. Tarred paper disks 
are not practical in this state. In the burrow of one maggot we 
captured a Cynipid parasite, Pseudeucocla gillettei, Ashm. To the 
best of our knowledge this parasite has not hitherto been reported 
from Minnesota. A number of predaceous beetles were also cap- 
tured, which were observed to feed upon the larvae and pupae of 
this fly. This pest, which is such a serious menace to the market 
garden industry, is figured and discussed in the body of this report. 
On account of the loss sustained yearly through its work, it is well 
worth serious study. 

"Fire Blight" on apple has been seriously injurious this year, 
one party reporting that he had 2100 Wealthy trees affected. In- 
quiries in this direction are referred to the Horticultural Depart- 
ment of the Experiment Station. 

The entomologist is looking forward with pleasure to being 
installed in the new building, now in process of construction in 
the Experiment Station grounds. Sufficient room has been promis- 
ed him therein to relieve the present over-crowded condition of 
his department in the Drill Hall. The legislature has also grant- 
ed $2,500 for an insectary, plans for which are now being made. 
In this building the life histories and development of Minnesota 
pests will be studied. Every well equipped experiment station has 
a building of this kind, its importance being generally recognized. 

From Jan. i, 1905, to Nov. i, 1905, 1,326 letters have been 
written by the entomologist, largely in reply to inquiries regarding 
injurious insects, an average of 132 per month. From Jan. i, 1905, 
to Sept. I, 1905, 930 circulars, bearing upon injurious insects, were 
mailed. Lectures were delivered to farmers at Benson and Edina 
Mills, two to the school teachers of St. Paul and one under the 
auspices of the Minneapolis Y. W. C. A. Papers were also read 
before the State Horticultural Society, at their spring and winter 
meetings, before the St. Paul Market Gardeners' Association, before 
the Association of Economic Entomologists at their annual meet- 
ing, and various articles have been written to the press and other 
publications. 
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This department has the graduating class of the school in 
Entomology for an hour each day from October to Christmas, and 
courses in Forest Entomology and Economic Entomology to col- 
lege students during the first half year. The entomologist also 
lectures to farmers in the short course on insect pests or Agricul- 
ture. This, with the work belonging to the department as Station 
Entomologist and State Entomologist, occupies the time complete- 
ly. Press Bulletin No. 22, "Insects and Insectlike Animals Attack- 
ing Live Stock in Minnesota" was issued in April. We have added 
materially to our insect collections this year, notably in Diptera. 



EXPLANATION OF PLATE I. 
(Figures are all natural size.) 

1. Sargus viridis, Say, Stratiomyidce. 

2. Eurosta (Trypeta) solidaginis, Fitch, Trypetida. 

3. Odontomyia binotata, Loew, Stratiomyidce . 

4. Chrysophila thoracica, Fab., Leptidce. 

5. Straussia (Trypeta) longipennis, Wied., Trypetid<p. 
C. Pseudopyrellia (Lucilia) cornicina. Fab., Muscida. 

7. Odontomyia cincta, Oliv., Stratiomyidce. 

8. Echinomyia (Jurinia) algens, Wied., TachinidcB. 

9. Eristalis tenax, Linne., Syrphidce. 

10. Gastrophilus equi, Clark, Oestridce. 

11. Heliophilus latifrons, Loew, Syrphidce. 

12. Calliphora vomitoria, Loew, Syrphidce. 

13. Tabanus costalis, Wied., Tabanidce. 

14. Spilomyia quadrifasciata, Say, Syrphidce. 
1$. Thereva frontalis. Say, Therevidce. 

16. Eristalis flavipes. Walk., Syrphidce. 

17. Leptis mystacea, Macq., Leptidce. 

18. Chrysops hilaris, O. S., Tabanidce. 

19. Psilopodinus patibulatus. Say, Dolichopodida. 
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PLATE I. SOME MINNESOTA FLIES. 



[Reprint of Bulletin 97] 



THE DIPTERA OF MINNESOTA 



TWO-WINGED FLIES AFFECTING THE FARM, GARDEN, 

STOCK AND HOUSEHOLD. 



F. L WASHBURN. 

When one reflects that out of the $795,100,000 which the United 
States loses annually at the hands, or rather at the mouths, of in- 
sects, the Hessian Fly alone is responsible for $50,000,000 a year 
(raised to $100,000,000 in 1900) ; that the loss on hides caused by 
the work of the Ox Warble Fly has frequently amounted to $40,000,- 
000 a year, or higher, in the United States; and that our crop of 
cabbages and cauliflowers is frequently lessened by one-half 
through the agency of the disgusting Cabbage maggot fly, one can 
readily see that, in spite of benefits derived from certain members 
of the order, the members of Diptera, or Two-winged Flies, clearly 
rank among our serious pests, and are worthy of a special treatise. 

Not only does stock suffer from the Ox Warble, and to a less 
degree from what we call "horse flies", "deer flies" and "bot flies," 
but at times and in certain localities it perishes through the attacks 
of myriads of black flies, the small voracious pest so abundant 
during summer in northern localities of the United States and 
Canada as to sometimes cause the death of a man lost in the woods 
and enfeebled through fatigue and lack of food. Certain domestic 
animals in South Africa suffer and die through what is called 
"Nagana" or the "fly disease," induced by a germ introduced into 
the blood by the bite of the notorious Tse-tse Fly. Much more 
serious than this is the part many two-winged flies play in relation 
to diseases which cause suffering among hundreds of people, and 
at times are the active agents in awful epidemics. We refer to the 
mosquito. Anopheles^ whose bite is evidently a necessary means of 
carrying the malarial germ; to that other mosquito known as 
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Stegomyia fasciata, which is the direct cause of the spread of yellow 
fever; to various flies, among them the dangerous Screw-Worm 
Fly, which lay their eggs in wounds and external cavities of men 
and animals, causing suffering and frequent death, and particularly 
to our common, ever present house fly, which is a constant menace 
as a carrier of disease germs. It is said on good authority that 
while only about 250 men were killed in battle during the Spanish- 
American war, we lost 5,000 through the agency of house flies. 
This refers to the carrying of typhoid germs from hospital trenches 
to the food and other effects of our men while in camp. 

While denouncing the above pests, we must not lose sight of 
the fact that we also find in this same order some beneficial forms, 
notably the Tachina Flies, which, very abundant as far as indivi- 
duals go, are of marked assistance to the farmer and gardener, by 
parasitizing injurious caterpillars and preying upon grasshoppers 
and other pests. We also have the Syrphus Flies, the larvae of 
many of which feed upon plant lice, nor must we overlook the benefit 
which we derive indirectly from the removal of carrion and decay- 
ing vegetable matter through the work of the maggots of Blow 
Flies, Flesh Flies, and others. These points are emphasized in the 
following treatise in connection with the useful species. However, 
in mentioning this fact it may be well to bear in mind that the same 
is true of a number of injurious orders, wherein we find some 
redeeming features, but not sufficient to remove these orders from 
under the ban. 

We quote Osten-Sacken, a prominent worker in Dipterology, 
who has the following to say regarding this group : 

Diptera during the past century have gradually risen in public estimation, 
especially among men of science. The superiority of their organization has 
been recognized by systematists, and observers of living specimens have noticed 
peculiarities in their behavior which prove a higher development of their 
faculties than of those of other orders. 

Diptera, more than all other insects, show a distinct love of freedom, while 
Hymenoptera, with all their perfections, betray drill. Owing to their organiza- 
tion, Diptera have more control over their motions than any other insects, in 
consequence of which there is a remarkable stamp of individuality in their 
actions. They can suddenly arrest their flight, and poise in the air; they can 
not only swarm, but dance in cadence, or gambol in the air in the most extraor- 
dinary manner. It is principally the males who dance, play and frolic together; 
during courtship they perform most ludicrous antics. Schiller said: "The ani- 
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mal, the child, as well as man, play; the sense of strength, and the higher 
sense of freedom derived from strength, give rise to the joy of playing." 

It was evidently the intention of our predecessor, Dr. Lug- 
ger, to publish a monograph on the Diptera of Minnesota, as he 
had on the four orders, Orthoptera, Coleopiera, Lepidoptera, and 
Hemiptera, before death put an end to his valuable work. We 
found some drawings and other evidence of this intention on his 
part, and it seemed quite fitting and a mark of respect to the mem- 
ory of him who stood for so much in Entomology to endeavor to 
complete the work he undoubtedly had in mind. There is, further, 
a demand on the part of our agriculturists, stock raisers and others 
for a report on the pests which occur in this group, with remedies 
for the injuries caused by them, or means to prevent such injuries. 

For four years, therefore, we have been accumulating specimens, 
drawings and data with that end in view. Dr. Lugger was no man 
for notes. He left absolutely no data in this group, and this fact 
has added materially to the- difficulties of the work. It must be 
acknowledged, too, that the labor involved in properly depicting this 
one group alone, as it occurs in Minnesota, is so great that we feel, 
in its presentation, we have fallen short of the ideal cherished by 
us at its first conception. Yet, although humbled by this realiza- 
tion, we present this report on the "Diptkra, or Two-Winged 
Flies of Minnesota," without an apology, hoping that through 
means of the excellent illustrations and the two colored plates the 
citizens of the state may be able to recognize the leading pests, and 
also beneficial insects which occur in this group, and that the 
student who is interested in the flies of Minnesota may be helped 
in his study. In fact, with this latter end in view, we have so 
arranged the report that it may, like other similar publications from 
this department, which have been in great demand, serve a double 
purpose, namely, while it is primarily a bulletin on injurious flies, 
it can at the same time be used in schools, illustrating, as it were, 
one department of rural school agriculture. At the end of the 
book will be found a complete index, together with a special index 
of two-winged pests and remedies therefor. 

In accomplishing this work we have been hampered by lack 
of data, as mentioned above; in some cases by erroneous labeling 
of specimens which we found in the collection, notably in the family 
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of Simnliidae, We have not hesitated, therefore, to ask for co-opera- 
tion wherever needed, and have called upon specialists in certain 
groups for identifications. These have been cheerfully given. 
Many of the Empidids and Dolichopods were identified by W. M. 
Wheeler; Stratiomyids and Leptids by C. W. Johnson; Phorids 
by C. T. Brues, and the snarl in the condition of our Simuliids was 
unraveled by O. A. Johannsen. We have sent many specimens 
to Mr. Coquillet of the Bureau of Entomology at Washington, for 
corroboration of our own identifications, or for the independent 
naming of specimens, and a large amount of material from this 
office has passed through his hands. The colored drawings have 
all been made in this department, and under our direction, by Miss 
Edith Reed. The same is true of a very large proportion of the 
figures in the text. A few of the latter, however, have been used 
in previous publications of this department, and a very few have 
been obtained from outside sources. Fig. 150 is one of Prof. 
Slingerland's ; Fig. 29 was obtained from Vernon Kellogg; Figs. 
34 and 35 appeared in "How to Make a Flower Garden " published 
by Doubleday Page & Co., Fig. 36 was obtained from the Depart- 
ment of Agriculture at Washington, D. C, and is one of Dr. L. 
O. Howard's. We hereby acknowledge these courtesies. Many 
of the photographs were made by Mr A. G. Ruggles, my assistant. 

A large amount of dipterous material, representing many 
months of collecting, was kindly placed at our disposal through 
the courtesy of O. W. Oestlund, of the Department of Zoology in 
the State University. This has been of material help. Dr. E. B. 
Frick, of Fort Snelling has collected certain Culicids not previously 
in* our collection, and has courteously given us data in this con- 
nection. 

The word "Fly" in common parlance, is frequently applied 
to almost everything in the insect line which has the power of 
flight. It really belongs only to one order of insects, the Diptera, 
in which only one pair of wings (the front pair) is present, the 
rear pair being absent, but represented by two "halteres" or 
"balancers," knob-like organs to which various functions are 
ascribed by workers in entomology. We have in North America 
over 8,000 known species of these two-winged flies, representing 
sixty families, and in the following pages these various families 
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are described at greater or less length, emphasizing the two-winged 
pests of Minnesota. A very common mistake of the uninitiated, 
when large and small flies are observed together, — on a window, 
for example, — is to regard the small flies as the young of the larger 
ones. This is not so, like insects of other orders, flies never in- 
crease in size after having attained the winged or perfect stage, 
and the small flies observed are the adults of species different from 
the larger species. In other words, flies only increase in size dur- 
ing the larval or "maggot" stage, at which time they, like other 
larval forms, have a voracious appetite. They are maggots, there- 
fore, which the farmer squeezes out of the small holes on the back 
of his cattle, maggots which issue from a horse with the droppings 
when he has the "bots," and maggots which are sometimes found 
in open wounds of stock running in pasture. We are all familiar 
with the maggot or larval stage of the blow fly, seen on meat which 
has been exposed to its attacks. It should also be recognized that 
it is in the maggot stage in which the Hessian fly, joint worm fly and 
frit fly work injury. Maggots are footless, and many are provided 
with two tiny hooks in the mouth, probably the mandibles or jaws. 

With a few exceptions where maggots are produced alive di- 
rectly from the parent, or where, very rarely, a maggot brings 
forth living maggots, or a pupa lays eggs, every maggot comes 
from an egg laid by the adult female fly upon the plant or animal 
or other substance which is to furnish food for the larva. Familiar 
examples of flies' eggs are seen on meat, as intimated above, and in 
the "nits" which the bot fly so skillfully fastens to the hair of horses. 
We also see the white eggs of parasites attached to caterpillars, 
from which eggs the tiny maggots hatch, and at once bore into 
the tissues of their host. 

When a maggot has attained its full growth, it changes to what 
is known as a "pupa," in which, with a few exceptions, it remains 
inactive for a period, until it transforms to the perfect fly. Fre- 
quently in forming this pupa the skin of the maggot contracts, 
turns brown and hardens, thus forming a pupal case or pupariumy 
in which the maggot transforms to the pupa, and from which the 
changed pupa, or perfect fly, emerges later. It is these puparia 
which one sees in the earth about stalks and cabbages or cauli- 
flowers — elliptical, brown bodies from which the perfect cabbage 
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maggot flies emerge. The maggots in the backs of cattle and the 
maggot known as the bot of horses (the same being true of thu 
rabbit bot, found in the neck of rabbits) bore into the ground, 
where they pass the pupal stage. The "flax seed" stage of the 
Hessian Fly is the period in which the brown puparium of this 
pest, resembling somewhat a flax seed, is found against the stem. 
The puparium of the house fly is found in filth, notably horse 
manure, where the egg is commonly laid, and where the maggot 
lives. 

We have then, with a few exceptions, already noted, four stages 
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in the life history of every fly, namely, the egg stage, the larval 
or maggot stage, the pupal stage and the adult stage, or the stage 
represented by the perfect fly in the winged condition. The adult 
fiy, as in other insects, is referred to as the imago. 

The structure of this "imago," or adult fly, since it is the con- 
dition with which we very commonly become acquainted with flies, 
deserves a short description. Fig. 4 illustrates the common house 
fly, viewed from the right side, drawn with its right wing elevated 
to enable one to see the various parts of the insect. One will at 
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once notice that the insect is divided into three distinct parts,— the 
head, the middle part or thorax, which bears the wings and legs, 
and the abdomen, the latter composed of four visible rings or seg- 
ments. The large compound eyes, composed of 125,000 facets, oc- 
cupy the greater portion of the side of the head. A glance at Fig. 6 
will show the appearance of a portion of the surface of the compound 
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. differ from thsl employed by Comslock 
in;, tl,, second longitudinal vein; III. 1 



eye. Each hexagonal portion is called a "facet," and represents the 
end of a tube, as it were, running down to nerve endings, which are 
sensitive to light. There are, therefore, as many "tubes" as there 
are facets. Fig. 7 shows a vertical section through a compound 
eye ; c equals the cornea ; /, the corneal lens ; rh, the great rods or 
rhabdomes, sometimes solid, but more generally tiny sacks filled 
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with fluid: rf, retina just below basilar membrane. Upon this "re- 
tina" the image is probably formed. It must not be supposed, how- 
ever, that the House Fly sees as many images of an object as it has 
facets for such cannot be the case; nor must we believe that the 
sight of flies or any other insects is comparable to ours. Just how 
much a fly can see is a mooted question, and introduces arguments 
altogether too lengthy for this report. Students are referred to 
Lowne's "Blow Fly,'* in two volumes, for an exhaustive discussion 
of this point, as well as other points which touch on the anatomy 
and physiology of flies. 

In addition to these compound eyes there are, in most flies, 
three simple eyes, or ocellij on the top of the head, between the com- 
pound eyes. There may be but two of these. While without 
much doubt they have to do with the discernment of light or 
shadow, their exact function is unknown. We show in Fig. 8 a 
longitudinal section of a very much enlarged simple eye. The cells 
at the bottom of the eye are connected with a nerve, n, and are 
probably sensitive to light. 

Attached to the front of the head are feelers or antennae. Since 
in Fig. 4 they lie close to the head, and are therefore not easily 
seen, the reader is referred to Fig. 9, where various forms of an- 
tennae peculiar to different families are shown in detail. As seen 
in this drawing, the third joint bears an appendage called the 
arista if it is bristle-like, or a style if it is more like a hair. The 
arista shows in the drawing of the House Fly, Fig. 4. The various 
shapes and peculiarities in structure of the antennae are important 

factors in classifying flies. In one division, or sub- 
order, there is a crescent shaped piece just above the 
antennae, called the frontal luniile. In most of the 
members of this sub-order which have a frontal 
lunule is a suture, separating the lunule from that 
^facet of^a^om! P^^ of the head which lies above it. The palpi (the 
?a"e"*view^'much right ouc is showu in Fig. 4), are appendages of one 
enlarged. ^f ^-j^^ mouth parts, the maxilla. 

On the under side, ventral side, of the head, about the mouth 
are the mouth parts. A very few species which take no food in 
the adult stage, have but rudimentary mouth parts. The mouth 
parts of all flies, though variously modified, are adapted for suck- 
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ing. Some flies which pierce or stab before they suck, have firm, 
strong mouth parts for that purpose, (see Fig. 5), but the majority, 
since they take food for the most part in a liquid state, have mouth 
parts adapted for that habit. 

The middle portion of the fly, the thorax, as shown in Fig. 4, 

bears the wings and legs. Each part of the thorax seen in the 

figure has a name, but it is unnecessary to place these technical 

names before the reader here. Each of the six legs (only the three 

of the right side are shown in the figure) is composed of five parts; 

the coxa, attaching the leg to the thorax, the trochanter or second 

joint, next the femur (generally the longest, 

stoutest joint), next the tibia, and finally 

the tarsus, generally composed of five small 

joints. On the fifth or last joint are two 

claws, and between them often is a pad or 

bristle, known as the empodium. On the last 

joint of the tarsus, below the claws, are two 

fleshy pads (not always present) called pul- 

villi (see Fig. 10). 

The halteres or balancers are short club- 
like organs shown in Fig. 4, one of which is 
shown on the upper and rear portion of the 
thorax, just under the alulae or alulets. 
These latter are two membranous scales. 
Fig. T. Vertical wciion ^"^ Overlapping the other, on each side of 
Zlh^cniaTgn." Frlm 'he fly, just back of the base or root of the 
Lowne's ■'Blow Fly." ^j^^^ ^^i] shown in our illustration. Differ- 

ent workers ascribe different functions 
to the halteres, which represent the sec- 
ond pair of wings. They may be used as 
balancing organs, or have also auditory 
functions. 

The wings are, in the classification 
of the Diptera, the most important fea- 
ture, since the different families are 
characterized by the different arrange- 
ment of the veins which, as seen in the 
illustration of the House Fly, are 

horny thickenings in the otherwise ''".llrough'limpli «ef*o? o«'iVu." 

homogenous structure of the wing. "nioVFi""''c-^™»UenBe^ 

The veins are really double tubes, an orihlf*^ntegumen't'^"='^er^''' 
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inner or air tube enclosed in an outer tube, which latter carries 
blood at an early stage of its formation. 

The venation or neuration of a fly's wing, that is, the ar- 
rangement of the veins, is so important that we have ventured to 
include under the various families a number of illustrations, show- 
ing different types. A student working with Diptera soon be- 
comes so familiar with the venation in the different families that 
he can tell at a glance the group to which his specimen belongs. 
These figures have been taken from Comstock, and in reproduc- 
ing his excellent drawings we reproduce his method of numbering, 
which, it must be said, is not now generally used. The ceils of the 
wing, that is, the spaces enclosed by the nerves, are named in each 






Vig. 9. Different types of antennae found amonxst the flics. A, the two antennae of a 
Mydetophilta; B, a.itenna of the Tahanidae; C, AsLlidae; D. I-eptidae; K. Dolicho- 
jiodidac^ F, Syrphidu; G, Chironomidae (male); H. Muscidae, K and l'~ are 
similar. Figs. A, B, C, O, E, and F after Wandolletk; G and H after Comslock, 
much enlarged. 

case from the vein just in front of that cell. For example, in the 
illustrations, the cell just behind Vein III, is cell III; the cell 
behind II is cell II, and so on. Where a vein represents the coal- 
escence of two, like III 2-|-3 the cell behind is cell III3, taking its 
name from the last numbered vein. When a cell is completely sur- 
rounded by cells it is said to be dosed, but when it extends to edge 
of wing it is open. The base of the wing is where it is attached to 
the thorax; the apex is the opposite end. 

The abdomen, consisting of several rings or segments, making 
up the posterior part of the fly's body, is well shown in Fig. 4. 
On the side of each segment of the abdomen shown in the drawing 
is a small hole, a spiracle, through which the air is drawn in respi- 
ration, being distributed by means of small tubes called tracheae 
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over the entire body. Three of these spiracles show on the thorax 

in Fig. 4. It will be seen, therefore, that one could hold a fly's 
head under water indefinitely without drowning it, but if all these 
breathing holes or spiracles are closed the insect dies. In order to 
make the anatomical details more clearly understood we give a 
dorsal view. Fig. 5 of Glossina, taken from Austen's "Monograph 
of the Tse-tse Flies." 

A few words on the internal anatomy of a fly may not be out 
of place. The mouth parts have already been referred to. In the 
figure of the House Fly, page 24, only the lower end of the labium 
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shows, the so-called probosci The end of this proboscis, the 
labella, is practically the food-obtaining organ. It is covered by 
many tiny horny ridges {see Fig. 9a), with which solid food may 
be rasped, and the fine particles obtained by this rasping, mixed 
with and dissolved in a salivary secretion, are sucked into the 
mouth, and thence find their way into the oesophagus. A glance 
at Fig. 12 will give the reader a very good idea of the alimentary 
canal of a fly. Calliphora erythrocephala ; oe, is the oesophagus con- 
nected with the crop, cr, and through the proven tricuUis, pv, with 
the chyle stomach, ck. This latter passes into the proximal intes- 
tine shown in a coil, and this, through the distal portion of the in- 
testine, di, connects with the rectum. The tracheae supplying 
these organs with oxygen are marked Ir in the drawing; trs — the 
tracheal sacs ; mm represent the malpighian tubules, which, upon 
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high authority, are believed to function as a combined liver and 

pancreas, and not as a kidney; the rectal papillae, shown at rp, Lowne 

believes to have a renal function. 

The nervous system of a fly is well shown in Fig;. 13. The nerve 

coril, which lies in life in the floor of the body cavity, shows a large 
swelling, ihg, known as the thoracic 
ganglion, from which various 
branches go to the wing muscles, 
halteres, legs, muscles of skin of ab- 
domen, etc. This collection of nerve 
cells, the thoracic ganglion, appears 
to be the vital nerve center of the 
organism, for if that is injured or 
tlioracic spiracle pf 'wow" Fi^^how- destroyed, all motion ceases, and 

inR valve, and an [he left the eleva- i .■ 1^1 ■ . , 

lor and depressor muscles of halteres. death results, whercas a decapitated 
From owne. uc en arge . jj^ ^^ other iusect will Walk about 

for hours with no apparent lessening of vitality, although many 
nerves and nerve centers have been removed with the head. The 
ventral nerve cord forms a collar about 
the oesophagus near the mouth, and 
above the oesophagus we have enlarge- 
ments, ganglia, as shown in the drawing. 
The nerves going to the antennae are 
marked by an a; o equals the nerve to 
the ocelli; o ^ is the optic ganglion; o n 
the optic nerve, and c equals the retina 
of the compound eye. 

As might be expected, the blood sys- 
tem of a fly is very simple; a dorsal ves- 
sel, the so-called heart, lying along the 
mid line just below the body wall, by its 
pulsations, or rather by the pulsations of 
a thin walled sac, the pericardial sinus 
which surrounds it, drives the blood for- 
ward to the anterior end of the vessel, 

whence it finds its way over the air sacs ^muJh eI^ia™d!"trom Lowne^s 
and viscera of the thoracic and abdominal "liio* I'ly- ' 
cavity, being taken into the dorsal vessel again through valvular 
openings in the walls of the latter. The blood obtains a part of 
its oxygen probably from delicate tracheal vessels lying in the walls 
of the pericardial sinus. 
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Fig. 13. Central nerv- 
ous system of Blow 
Fly, much enlarged. 
Ffom Lowne. 



What can we say about the sensations of a 
fly? The sense of smell is evidentl}^ located in 
the antennae, and some believe all over the body. 
The antennae are likewise apparently the chief 
organ which has to do with the tactile sense, yet 
this sense is also without doubt also located 
over various parts of the body. The auditory 
sense of a fly is, it is believed, located in certain 
organs at the base of the halteres, but since in 
other insects it is thought that certain hairs on 
the antennae are auditory in function, we must 
believe that the same is true with flies. The 
sense of taste in many insects is apparently lo- 
cated in certain of the mouth parts. 

If a living fly be held by the legs, its wings 
will vibrate rapidly as in flight, the apex of the 
wing producing a figure 8 in the air (see Fig. 
15), the entire wing by its vibrations produc- 
ing the appearance of a double cone, the apex 
of wing forming the bases of the two cones, and the shoulder or 
base of the wing forming the single apex which the two cones have 
in common. Ordinarily about 330 complete vibrations are made 
by a fly's wing each second. This rapid movement of the wings 
produces a buzzing sound, but if the wings are cut off and the fly* 
held captive, sound is still produced, made in part 
possibly by air rushing into the spiracles. If, how- 
ever, the latter are stopped with varnish, we still 
have a production of sound, which we have reason 
to believe is made by certain segments of the body 
moving upon each other, as well as possibly the 
vibration of the stump of the wing. It will be seen, 
therefore, that the voice of a fly is quite complicated. 
The ability of a fly to walk on smooth vertical sur- 
faces, like glass, or on the ceiling, is not due to 
suction, but to a secretion on the bottom of the 
last four tarsal joints. This secretion issues from 
a large number of hollow pores on each joint and is sufficiently ad- 
hesive to support the fly's weight. 

With this brief description of the anatomy of a fly, we turn at 
once to a consideration of the families of Minnesota flies, but pre- 




Fig. 14. Thoracic 
ganglion, much 
enlarged. After 
Lowne. 
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face that consideration by a simple synopsis, 
which we believe will be easily understood 
by the beginning student, and may be of 
I some service in helping him to place in its 

proper family any fly which he may have 
captured in the state. The synopsis is taken 
from Comstock's "Manual for the Study 
of Insects." Since the family Muscidae has 
been separated into several, we have called 
the same division Muscidea {a term used 
by Williston) where the family name occurs 
* in Comstock's key, placing in connection al! 

^'^liJfriof'aT'" wing '[""flight' ^^^ families which are included therein. 
Atrer Lowup. f\^Q three last families, however, Hip- 

poboscidae, Nycterybiidae and Braulidae are left in the same posi- 
tion assigned them by Comstock. We have also introduced, in its 
proper place, the family Acanthomendae. 



SYNOPSIS OF THE DIPTERA. 

HE STRAiGirr Seamed Flies. Flies in which the pupa escapes 
from the larval skin through a T-shaped opening (Fig. l6), 
which is formed by a lengthwise split on the back near the 
head end and a crosswise split at the front end of this, or 
rarely through a crosswise split between the seventh and 
eighth abdominal segments; adults without a frontal lunule. 
Sub-order Ortilorrhapha. 
The Long-Homed Orthorrkal-ha or Nemalocera. Flies with four 
or five-jointed pendulous palpi and with many-jointed 
antennae, which are usually long. The segments of 
the antennae, except the basal two, are similar in form, 
and are more (ban six in number. They are often 'JAfte^r 

fringed with hairs or bristles. Comaiocli.) 

The True Nemalocera. The antennae usually long, and frequently bearing 
whorls of long hairs, especially in the males; legs long and slender; 
abdomen usually long and slender. 
The Math-like FUes. Family Psyciiodidae, p. 35. 
The Midge-like Flies. 

The Crane-flies, Family Tipijlidae. p. 36. 

The Net-winged Midges, Family BlEmiaroceridae, p. 38. 

The Dixa-midges, Family Dixidae, p. 39. 

The Mosquitoes. Family Cuucidae, p. 40. 

The Midges, Family Cbironomidae, p. 52. 

The Fungus-gnats, Family Mvcetophiudae, p. 54. 

The Gall-gnats, Family Cecidomvidae, p. 57. 
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The Anomalous Nematocera. The antennae are composed of many seg- 
ments, but are shorter than the thorax, and without whorls of long 
hairs. The segments of the antennae are short and broad, and 
closely pressed together. Except in the first family the abdomen is 
comparatively stout, and the legs are shorter and stouter than in the 
True Nematocera. 

The False Crane-flies, Family Rhyphidae, p. 67. 

The Solitary Midge, Family OrphnEphilidae, p. 67. 

The March-flies, Family Bibionidae, p. 68. 

The Black-flies, Family Simuudae, p. 70. 
The Short-Horned Orthorrhapha or Brachycera. Orthorrhapha with one or 
two-jointed, porrect palpi, and with usually short, three-jointed 
antennae. The third segment of the antenna is sometimes distinctly 
ringed, showing that it is really composed of many segments grown 
together; and sometimes the antennae are four or five-jointed. 
The Anomalous Brachycera. The third segment of the antennae is ringed, 
showing that it is composed of several segments grown together. 
The body is not furnished with strong bristles. 

The Horse-flies, Family TabanidaE, p. 76. 

The Soldier-flies, Family Stratiomyidae, p. 80. 

The Acanthomerids, Family AcanthomeridaE, p. 82. 

The Snipe-flies (in part), Family LEptidae {Xylophagidae and Coeno- 
myidae), p. 83. 
The True Brachycera. The antennae are usually three-jointed, but some- 
times four or five-jointed. The third segment is not ringed, but 
usually bears a style or bristle. The body is usually furnished with 
strong bristles. 
True Brachycera with the empodia pulvilliform. Flies in which there are 
three membranous lobes beneath the tarsal claws (Fig. 10). 

The Snipe-flies (in part). Family LeptidaE, p. 83. 

The Small-headed Flies, Family Acroceridae, or Cyrtidae, p. 85. 

The Tangle-veined Flies, Family Nemistrinidae, p. 86. 
True Brachycera with the empodia not pulvilliform. Flies in which there arc 
only two membranous pads beneath the tarsal claws. 

Vein III of the wings four-branched. 
The Robber-flies, Family Asilidae, p. 86. 
The Midas-flies, Family Midaidae, p. 88. 
The Apiocerids, Family Apioceridae, p. 88. 
The Bee-flies, Family Bombyudae, p. 89. 
The Stiletto-flies, Family TherEvidaE, p. 91. 
The Window-flies, Family Scenopinidae, p. 92. 
The Dance-flies (in part), Family Empididae, p. 93. 

Vein III of the wings three-branched. 
The Dance-flies (in part. Family Empididae, p. 93. 
The Long-legged Flies, Family Doi^ichopodidea, p. 94. 
The Spear-winged Flies, Family Lonchopteridae, p. 98. 1 
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The Circular-Seamed Flies. Flies in which the pupa escapes 
from the larval skin through a circular orifice made by 
pushing off the head end of it (Fig. 17). Adults with a 
frontal lunule. Sub-order Cyclorrhapha. 

Cyclorrhapha without a frontal suture (Aschiza). 

THe Surphus Flies, Family Syrphidae, p. 98. Fig. 17. 

The Big-eyed Flies, Family Pipunculidae, p. 102. Comstodc.) 

The Flat-footed Flies, Family PlatypezidaE, p. 102. 
The Hump-backed Flies, Family Phorida, p. 103. 
Cyclorrhapha with a frontal suture (Schizophora). 
Normal Schizophora, 

The Thickhead-flies, Family ConopidaE, p. 103. 
The Bot-flies, Family Oestridae, p. 125. 

The Muscids, Division Muscidae (Families, BorboridaE, p. 105; 
Agromyzidae, p. 105; Geomyzidae, p. 105; OsciNiDAE, p. 106; 
Drosophilidae, p. Ill; Ephydridae, p. 112; Diopsidae, p. 113; 
Sepsidae, p. 114; MiCROPEziDAE, p. 115; PsiLiDAE, p. ii6; Orta- 
LiDAE, p. 116; Trypetidae, p. 117; Sapromyzidae, p. ii8; Rhqpal- 
OMERIDAE, p. 119; Helomyzidae, p. 119; Heteroneuridae, p. 

119; SCIOMYZIDAE; p. 120: PhYCODROMIDAE, p. 121 ; SCATOMYZIDAE, 

or ScATOPHAGiDAE, p. 121 ; Anthomyidae, p. 122; Oestridae, p. 
125; Sarcophagidae, p. 141; Muscidae, p. 143; Tachinidae, P- 
156; Dexiidae, p. 159). 
The Pupa-Bearing Flies (Pupipara). 

The Louse-flies, Family HippoboscidaE, p. 159. 
The Bat-ticks, Family NycteribiidaE, p. 164. 
The Bee-louse, Family BraulidaE, p. 164. 
It has been our aim to make this a treatise on Minnesota species 
of Diptera. Where we have departed from this principle, indica- 
tion is made in the text. We have made use of numerous draw^- 
ings of Dr. Lugger's, which were found here. A few of them do 
not represent species which are at present in our Minnesota collec- 
tion. We have further included amongst the Minnesota species 
some specimens labeled "South Dakota," since, although we have 
not yet met them here, they probably occur within our state 
boundaries. In every such case, however, the designation "So. 
Dak." follows the insect's name. Inasmuch as we are still working 
with some Dipterous material as this report goes to press, in all 
probability new species will be added to our list later. Therefore, 
anyone desiring a more extended list of our Diptera should write 
us six months from now. It is planned to include the names of 
flies not yet listed, in next year's report. 
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In many cases Washington authorities give us only the generic 
names of specimens sent to them for identification ; this is especially 
true of Chironomidac and Tipulidae. 

PSYCHODIDAE. 

Extremely small, fragile moth-like flies, well covered with 
"'hair," whose larvas are found in water, decaying vegetable matter, 
and even sometimes in cow dung. They are frequently found on 
the lower surface of leaves and upon windows, and especially in 
shady places. The different species are hardly one sixth of an inch 
in length. While they are fairly active on foot, their flight is 




arged. A fit 



not strong. Only four genera are in North America — Psychcda, 
Pericoma, Sycorax and Trichomyia, the most common species, P. alter- 
itata. Say, occurring pretty generally over the United States. A few 
specimens of this species are in our collection. The accompanying 
drawing. Fig. i8a, represents this fly enlarged. 



Psychoda allernata, Say, and a Trichomyia, sp., occur here. 



tie, DIPTF.RA OF MINNESOTA. 

TIPULIDAE. 

Crane Flies. 

Almost every one is familiar with these long legged, some- 
what delicate flies, which in England are called "Daddy Long-Legs." 
Comstock, in describing the family, fittingly quotes; 

"My six long legs, all here and there. 
Oppress my bosom with despair." 

They must not, however, be confused with the spider which in 
this coimtry we refer to as "Daddy Long-Legs." Probably few 
realize the large number of species found in this group, nearly or 
quite I200, 300 of which occur in the United States, ranging in size 
from that of a large mosquito to forms over two inches long, re- 
sembling superficially a giant mosquito. These are the flies which 
are so prone to lose a leg or two when handled, though this loss 
does not seem to inconvenience them in any way. They all have 
as a distinguishing mark a V shaped suture on the upper part oi 





the thorax. Most of them, the larger species particularly, are 
clumsy in flight, keeping rather close to the ground and frequently 
alighting, but some of the smaller species are capable of more sus- 
tained flight, and are seen in cloud-like swarms at twilight in early 
spring, and in autumn, and occasionally in winter on warm days. 
Found commonly in fields, meadows and woods, which places are 
frequented by the larvae, the latter living commonly in decaying 
vegetation; some, however, are aquatic; some are found on leaves 
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Fig. 20. Larva (on the left) 
and pupa (on the right) of 
the uiant Crane Fly. The 
central figure is the pos- 
terior end of the larva, en- 
larged, showing spiracles. 
Larva and pupa three-quar- 
ter natural size. From 
Kcllo<?g's "American In- 
sects." 



of plants, and some are of economic import- 
ance, since they destroy the tender roots of 
grass and grain. The terrestial larvae, often 
called "leather jackets," are produced from 
the egg generally laid in the ground, in some- 
thing more than a week. The eggs are gray- 
ish or brownish in color. The internal organs 
are partly visible through the integument and 
body wall, and the "worm" moves awkwardly 
by the action of transverse swellings on the 
body provided with small bristles. Of the 
adults a few are wingless, one, Chionea, fre- 
quenting the surface of snow. This fly, mat- 
ing males and females. Dr. Lugger has cap- 
tured in this state, about Christmas time, 
crawling about over the snow, with the ther- 
mometer below freezing. The drawings illus- 
trate Chionea valga, Harr. ; Bittacomorpha cla- 
vips, Fab., whose larvae are aquatic, and 




J^ 



Fig. 21. Bittacomorpha cfavipes. ^^\ 
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Helobia hybrida, Meigen. A colored figure of one of the smaller 
species, Pachyrhina ferruginea, Fab., is shown in Plate II. 

Minnesota species : Bittacomorpha clavipes, Fab. ; Pachyrhina fer- 
ruginea, Fab.; P. erythrophrys, Will; Helobia punctipennis, Meig. ; 
Tipula, Sp. ; T. abdominalis, Say; Discobola argus, Say; Pedicia 
albivitta, Walk. 

A large number of specimens 
returned from Washington, la- 
beled simply Tipula, sp., would 
indicate that this group has not 
been at all well worked, and oflfers a fertile field for a dipterologist. 




Fig. 22. Larva of Bittacomorpha clavipes. 
Natural size. After Hart. 




I'ig. 23. Chionea valga, "Snow Fly," Lugger. 

BLEPHAROCERIDAE^LIPONEURIDAE. 

Net-zvinged Midges. 

Rare flies of moderate size, frequenting the neighborhood of swift 
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running streams. In 1896 Willis- 
ton gave seventeen known species 

distributed as follows : Six in Eu- 
rope, one in Asia, six in North 
America, one in West Indies and 
three in South America. The 
east one species being provided 



larvae live in the swiftest water, 
with six suckers on its ventral side, evidently of use in the swift cur- 
rent. The complete life history of any one 
species is not known. From the fact that the 
larva? inhabit clean .swift streams, it follows 
that these flies are more numerous in moun- 
tainous districts than they are in low lands. 
The food of the larvae is said to be chiefly dia- 
toms. The pupas are found fastened to rocks. 
Kellogg says, in commenting on the 
emergence of the imagoes from the pupal 
cases, that so many are swept away before 
their wings are unfolded or before their legs 
can be loosened from the pupal sheath that it 
seems no wonder that the family is a disap- 
pearing one. 



win«d M*(l^."Froni K»l. 
loga's "Net-winged Midg- 



DIXIDAE. 

The Dixa Midges. 

Only one genus, Dixa, is found in this family, which appears close- 
ly allied to Tipulidae on the one hand and CuUcidae on the other. 
They are small gnat-like flies, with long, slender legs, resembling 
mosquitoes in a general way, but quite unlike the latter in wing 



structure. The species (about twenty in number) are found in 
shady, swampy places, and, like other midges, have the habit of 
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forming dancing swarms in the air. The larvje are aquatic, and not 
iinHke the larvae of mosquitoes. 

The genus Dixa is widely distributed over the world. Ten spe- 
cies appear to have been taken in North America, and four species 
not known in North America occur in Great Britain. 

CULICIDAE or MOSQUITOES. 

Veritably no family among insects offers such peculiarly m- 
teresting matter for discussion as the present one. The world 
over mosquitoes are anathematized, not only on account of the dis- 
comfort caused by their presence, but, and this is far more serious, 
it has been proven that the bite of certain mosquitoes, under proper 
conditions, causes malaria, yellow fever, and probably one or more 
other diseases. Fortunately the knowledge of this evil has shown 
us how to avoid these diseases in affected localities. 



a 



This family has become of such economic importance, on account 
of its disease bearing qualities, that many books are published on it 
alone. Perhaps the most comprehensive is that of F. V. Theobald, who 
under the title of "A Monograph of the Culicidae of the World," 
gives us three volumes of text and plates on this interesting group. 
Col. George M. Giles, of the British army, has published a thick 
volume on mosquitoes, and Dr. Howard, Chief of the Entomological 
Bureau at Washington, has written, and is constantly writing much 
of economic value of these pests to man. The same may be said 
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of Dr. J. B. Smith of New Jersey, who has recently issued a most 
complete and voluminous report on the mosquitoes of his state. 

The word "mosquito," which 
we .see rendered in America also 
as "Musqiiito," and even "Mus- 
queto" and "Musketo," is the 
diminutive form of the Spanish 
"Mosca," which means fly. In 
France mosquitoes are called 
"M o s t i q u e s," "Maringouin," 
"Cousin;" in Germany "Stech- 
mucker ;" in Russia "Gamari," 
and in Italy "Zanzare," or "Zan- 
zaroni." 

Many other small flies are 
frequently mistaken for mos- 
quitbes, notably the midges, be- 
longing to the family Chironomi- 
dae, which bear a close resem- 
blance to mosquitoes, but have 
not their despicable habits. 
Small crane flies, Tipulidae, also 
slightly resemble members of 
this family. 

As intimated at the head of 
this article, the family is cosmo- 
politan, its members being found 
in arctic regions as well as in 
i-ig. 2V. Mosji^uiio^ la^va^^puia »;^d^™,?so- Fromj.|^^ tropics, nor IS altitude any 
barrier, for in Java they are 
foim<l at 3,000 feet, and are reixjrted as very troublesome in the Hima- 
layas at 13,000 feet. Of the genus Auophcles alone, twelve species are 
known to be in India, five in Asia, six in West Africa, four in the West 
Indies, five or six in Europe and four in Australia. Further study 
will probably swell the list. To illustrate their wide distribution 
over the globe, we note that one of our most common species in Min- 
nesota, C. pungens (syn. C. fatigans) is found over all the United 
States, the West Indies, Argentina, Brazil, Panama, British Guiana, 
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Demarara, all of Africa and the islands near its eastern coast, Malay 
Peninsula, China, Austria, Fiji and Mauritius. 




Fig. 30. Anopheles maculipennis, the malaria-bearing mosquito. Lugger. 

C, pipiens , another common species in Minnesota, is found 
throughout the United States and Canada, in Bermuda, Algeria, and 
all of Europe. 

Anopheles maculipennis, which we have quite 
commonly here, and which is the elabprator of the 
germs which cause malaria, sf)reading the disease 
from one individual to another, is found over the 
United States, Canada and all of Europe. 

C. consohrinus, also common in Minnesota, is 

Fig. 31. Eggs of A. 11 r 1 TT • 1 r» 1 /-* 1 

maculipennis. much found ovcr all 01 tlic United States and Canada. 

enlarsred. A f t e r 

Howard.' ' Stegomyiu fasciata, not, as far as we know, in 

Minnesota, the dread carrier of yellow fever in dis- 
tricts subject to this disease, besides being in some of the southern parts 
of the United States, is found also in the West Indies, Italy, Spain, 
Portugal, Gibraltar, Africa, India, Malay Peninsula, Japan, Australia, 
Bermuda, and many other localities. 
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To account for this distribution of the various famihes of mos- 
quitoes, it must be borne in mind that they are easily spread from one 
locality to far distant points in various ways, the cars and ships being 
the most common means of dispersal. 

As the male of the human race finds it convenient to lay the blame 
of all mishaps to the opposite sex, so may the head of the house in the 
mosquito family say with equal emphasis, "The woman, she did it," 
for with one or two isolated exceptions the female mosquito does all 
the biting. She it is which drives sleep away from our eyes in the 
summer, distracts us in the open, and causes unlimited profanity. 
The sufferer from yellow fever goes to his grave as a result of her 
bite. The disease known as Filariasis can be laid at her door, and 
the malarial patient can ascribe his helplessness to the lady Anopheles, 
not to her mate. 

Now, while it is believed that mosquitoes yvhich are associated 
with warm blooded animals, man included, apparently cannot lay 
fertile eggs until fed upon blood, it is very evident that mosquitoes 
breed by the millions in localities where no such food is at their 
command. They may and do attack cold blooded animals, such 
as turtles and the like, but this limited diet would not suffice for the 
myriads which are found on the edge of the Arctic circle and else- 
where, where even cold blooded animals are very few in number. We 
are forced to the conclusion, then, that originally these pests were, 
as they must be now in certain localities, vegetable feeders, and that 
the blood sucking habit, upon which many of them have become so 
dependent, is an acquired habit. To bear out this theory is the fact 
that they appear very fond of bananas, clustering about the grow- 
ing fruit, and have been kept alive upon slices of this fruit. They 
are apparently fond of any juicy fruit, and even jam, or a syrup made 
from sugar. Theobald has observed C. pipiens in England feeding 
upon decaying apples, and we know that they are attracted to beer and 
wine. Doubtless the fermentation of the juices of the apple, referred 
to by Theobald, was the attraction. 

BREEDING HABITS. 

Mosquitoes breed mostly in fresh water, though some frequent 
salt water for this purpose, and some breed in both fresh and brackish 
water. Almost without exception they require the water to be still, 
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and not too deep. Open tanks and cisterns, drains, ditches, puddles, 
shallow ponds, post lioles, depressions under side walks, watering 
troughs where the water remains nnchanged for some time, muddy 
holes made by the feet of cattle and other stock, marshy places, old 
basins, tin cans, bottles, broken crockery, 
- cess-pools and rain barrels are a few of 

the places chosen by these pests in which 
to deposit their eggs; any place, in fact, 
that will hold half a pint of water for ten 
or twelve days may be the source of a hun- 
dred or more. Even if the water almost 
dries up in depressions where the eggs 
have been laid, or where the young "wig- 
glers" are living, if it is then renewed by 
a slight shower, it is probable that "wig- 
elers" survive and complete their develop- 

FiK. 32. Overlooked breeding 

places. ment. 

The eggs of many of our common species resemhb, superficially, 
a little speck of soot on the top of the water, which resolves itself, 
upon being examined by a glass, into a little skitf shaped mass, con- 
sisting of several eggs fastened together. The eggs of Anopheles 
macuUpeniiis, however, are laid separately, and are not fastened to- 
gether, except that they naturally adhere more or less when they 
come in contact wth each other. 

The popular belief that mosquitoes breed in grass is doubtless 
thus accoimted for. The grass is sought for shelter from heat and 
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wind, and the very small depressions above alluded to, too small to 
be observed in the grass, aiTord places for egg laying. It may be 
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too, that our mosquito, as does the salt marsh mosquito, lays its eggs 
in mud or elsewhere, where its instinct tells it water will come later. 

Every one is familiar with "wigglers," which are the larvae of 
mosquitoes, changing their appearance to become pupae, in which 
condition they exist for a short time before issuing from the water 
as perfect flies. Our illustrations show these stages, as also the 
appearance of the eggs. In a general way we may say the egg stage 
lasts from ten to twenty-four hours, the life of the "wiggler'' from 
seven to ten days, sometimes longer, the pupal stage ordinarily from 
two to three days, sometimes longer, and the adult's life on an average, 
under natural conditions, probably from eight to twelve days. This 
statement is only a general one, since climatic conditions probably 
have great influence on duration of life. Mosquitoes have been 
kept alive in captivity for three weeks. Consideration of the above 
data shows that the duration of one generation is naturally, in round 
numbers, from 17J/2 to 26 days. Turning to the individual species, 
we can speak more in detail : 



KgR. 



Anofkeles 

tnactilipenm^ 
C. fipiens 
C. fungens 



I to 4 days 
20 hours 
10 to 12 hrs. 



I^arvne. 



Pupae. 



16 days 

2 to 4 wks. 

7 to 8 days. 



4 to 5 ds. 
2 to 8 ds. 
2 days. 



Total time required 
from laying of egg 
to emerpeuce from 
pupal stage. 



21 

17 
9^ 



to 
to 
to 



25 

37 
io>4 



davs 



To show the. enormous number of mosquitoes which may be found 
in a comparatively small amount of water, we quote from an experi- 
ment made by Dr. Lugger in 1896. By a careful estimate he found 
that one rainwater barrel contained 17,259 eggs, larvae and pupae, 
and in another barrel he found 19,110 eggs, larvae and pupae. 

A curious person at once asks, "Well, where do they come from 
in the spring ; does not the winter kill them all off ?*', and the answer 
is that many impregnated adult females hibernate, passing the win- 
ter under boards, under moss, in cellars and in garrets, in crevices of 
various sorts, in the woods, about the barns and out-buildings. They 
are often found in curtain hangings and in draperies indoors. These 
are sufficient to start them in the spring, and their rapid rate of in- 
crease does the rest. Even "wigglers" frozen solid in the ice in 
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late fall have been found to retain their vitality, and in the sprii^, 
when thawed out, to complete their changes and develop into full 

grown mosquitoes. 



Copyrl^bt. iguo. b/ Wm. L/man Vnsawotin 
GoIdOsb leidlni an mosqulio larvu 

ENEMIES OF MOSQUITOES- 

Various birds eat large numbers of adult mosquitoes, notably 
the night hawk, 600 being found in one crop, swallows, martins, 
flycatchers, also bats. Dragon flies prey upon them in the air when 
adult, and the nymph of the dragon fly feeds upon the larval mosquito 
in the water. Many other aquatic insects are useful in the same 
way, and many small fish are instrumental in freeing shallow ponds 
of this pest. The adults are also attacked by one or two varieties of 
fungus, and by a small mite, resembling superficially the so-called 
"red -spider." 
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Remedies and Means of Prevention. 

First, the filling in or draining of swampy marsh land in the 
vicinity of dwellings ; the evening of shore lines of ponds and lakes, 
where possible, making the same regular, and thus doing away with the 
small, shallow inlets and wet depressions, which afford breeding places. 
Ponds, the surfaces of which are well covered with leaves of aquatic 
plants, are not so much infested as open shallow water, because the 
female mosquito is discouraged in trying to reach the surface of the 
water for egg laying. On the other hand, frF ponds where there are 
large leafed plants growing beneath the surface, the wigglers above 
the leaves are more or less protected from the view of the fish below, 
which would otherwise prey upon them. 

Kerosene is a good agent used against these pests upon ponds, 
drains and tanks where the use of it does not interfere with the le- 
gitimate use of the water. Even in tanks where the water is used for 
the needs of stock or man, if an arrangement is made to draw the 
water from below, a film of oil can be made to cover the surface 
without affecting the quality of the water. The use of oil is based 
upon the fact that the larval and pupal mosquito have to come to the 
surface for air, the air entering through certain tubes adapted to that 
end. The slightest contact with oil is fatal to them. One applica- 
tion every three weeks should be sufficient. It is preferably sprayed 
over the surface, though if it be simply poured on the surface, it will 
gradually cover the entire surface area. As long as a film is seen 
on the surface no treatment is necessary. 

A quite important remedy is the introduction of fish, the stickle- 
backs, minnows, or common sim fish, into ponds and elsewhere, 
wherever kerosene cannot be used. These prey upon the wigglers, 
consuming large numbers. 

The covering of cisterns and rain barrels, preventing adults from 
reaching the water and laying their eggs thereon, is a thought which 
would occur to any one knowing their habits. 

Most compounds devised as preventives for application to the 
face and hands are either nauseating or ineffective or both. The 
writer in common with many others, has found, however, that oil 
of citronella, for sale at most drug stores, is the best preventive, and 
its odor not at all disagreeable. This should not be diluted, and should 
be applied to the face, neck and hands where one is exposed to the 
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attacks of these pests. One application is effective for from one-half 
to one hour, or as long as the surface of the skin remains moist with 
the oil, if not longer than that if the creatures are not very numerous 
or very hungry. Care should be observed not to get it into one's 
eyes. Every one to whom this has been recommended, and who has 
used it, speaks highly of its efficacy. When in camp in the woods, 
the writer uses a home made canopy, manufactured from mosquito 
bar, about six feet wirie, by seven feet long and three feet high. The 
bough bed made six feet by seven, a post is driven at each corner to 
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project above the surface of the ground aliout two and one-half feet. 
Over this the canopy is thrown, the edges tucked under the bed, 
thus making an in^'erted box of netting, as it were, and under which 
one is secure from attack. As an auxiliary I have a curtain of netting 
over the door of the tent. Smudges are, of course, also effective, 
but disagreeable. 
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It has been observed that mosquitoes are attracted to people 
wearing dark clothing more than to those clothed in light colors or 
in white, and this suggests certain action as regards dress when in 
mosquito infested districts. 

Mosquitoes instinctively seek shelter from a strong wind, and 
it is believed that the old theory that mosquitoes are borne long dis- 
tances on the wind is erroneous, and that probably breeding places 
in such cases are much nearer than supposed. 




Fig. 36. The Yellow Fever Mostjuito, Stegomyia fasciata, female. L. O. Howard. 

Various remedies have been suggested from time to time to re- 
lieve the itching and smarting caused by mosquito bites. Some suf- 
ferers find relief in one remedy, others in some other. Giles recom- 
mends a mixture of cologne and water, others favor weak ammonia, 
still others soda in water. However, with most people, the annoyance 
from these pests is caused before and at the time of biting and not 
afterwards. 
Mosquitoes taken in Minnesota. 

The following Culicids have been found in Minnesota: Culex 
syhestris, Theob, ; C. consohrinuSj Desv. ; C. tarsalis, Coq. ; C. impiger 
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(syn. nigripeSj according to Theobald); C. nemorosiis, Meig. ; C. 
pun gens (pipiens, fatigans) ; C. canadensis, Theob. ; C. canfans, Meig. ; 
C. triseriatiis, Say ; C. restuans, Theob. ; C, dyari, Coq. ; Grabhamia 
curriei, Coq. ; Sayomyia plumicornis, Fab. ; Aedes smithii, Coq. ; 
Taeniorhynchus perturbans, Walk.; A punctipennis, Say; Anopheles 
maculipennis {quadrimaculata) , Meig. 

The last is the malaria bearer, yet it must not be supposed that it 
is a menace in the state, for we have practically no malaria here, and 
this mosquito has to bite an organism affected with malaria before it 
can transmit the disease. 

In 1903 the writer, when in camp on Basswood Lake, St. Louis 
county, allowed many of these insects (.^. maculipennis) to bite him, in 
order to obtain some idea of the time required by this species to digest a 
full meal. After from 19 to 68 hours, showing great variation in 
individual cases, their abdomens had shrunk to their normal size, 
and they apparently were ready for business again, though they could 
not be induced to bite a second time. In this connection it may be 
stated as a fact, that the old idea that a mosquito can bite but once 
has been found to be wrong. Anopheles does not hurt in biting as 
much as Culex, at least, that has been the writer's experience, there 
being but little or no pain when the insect was operating. 

Since 1880 it has been known that malaria is due to the presence 
of a small organism in the blood, a microscopic animal, not a plant, 
attacking the red corpuscles. In 1882 Dr. A. F. A. King of Wash- 
ington read a paper before the Philosophical Society, advancing strong 
arguments as proof that this disease might be distributed by mos- 
quitoes. Acting largely upon his ideas, many scientists at once began 
to work along the lines indicated in his suggestions. MacCullam, 
of Johns Hopkins University, Baltimore, was one of the most im- 
portant contributors to our knowledge upon this point, but the work 
was by no means confined to that college nor to the United States. 
It was not, however, until several years after Dr. King's presentation 
in 1882 that the important fact, i. e., that malaria could not be trans- 
mitted naturally from one individual to another except through the 
bite of a mosquito was established. Anopheles being the only one, as 
far as we know, which transmits it. 

The vital activities of the micro-organism referred to as attacking 
the red corpucles may be checked by quinine. If not checked by 
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this or by some other means, the spores in the corpuscles break out into 
the serum, and other corpuscles are attacked. The development to 
this point will take place, according to authors, anywhere, even on 
a glass slip under the microscope, in the stomach of the genus of 
mosquito known as Ctilex, and it is quite likely in the stomachs of 
various other biting insects. But as far as we know it is only in 
the stomach of Anopheles that the manner of development changes 
to a different form and finally penetrates to the duct of the salivary 
glands of the above mosquito; thence, when the insect is biting, 
through the proboscis these enter the blood of the victim, who is 
thus inoculated with the malarial germ, and shortly after shows the 
well known symptoms of the disease. It is now known that malaria 
is not caused by the air of swampy districts; that the swampy areas 
are only secondary in affording breeding grounds for mosquitoes ; 
and that, as far as our knowledge goes at present, the only natural 
way by which the disease can be transmitted is through the bite of 
one, and only one insect, the mosquito we know as Anopheles. 

In Italy, on the Campagna and elsewhere, a series of careful 
experiments were made to demonstrate that individuals had to be 
bitten by malaria-bearing mosquitoes in order to become infected. 
In 1900 certain experimenters lived in the most malarial infested 
region of the Campagna during the malarial period. They entered 
screened houses at sundown, and remained there until daylight, thus 
avoiding being bitten, while people all about them, not protected as they 
were, became affected with the disease, particularly at the advent of the 
rainy season. The doctors referred to, although they were frequently 
wet through by being exposed to the rain, showed not the slightest 
symptoms. Check experiments have been made by allowing speci- 
mens of Anopheles which had fed upon the blood of malarial patients 
at Rome to bite an individual not affected, and who had not since a 
boy, and was not at the time, living in a malarial district. In other 
words, the mosquitoes after biting the patient in Rome were sent to 
London. At the proper time malarial symptoms appeared in the in- 
dividual, and the parasites were found in his blood. 

Just as malaria is transmitted by the bite of a mosquito, so it 
is with the yellow fever. Most conclusive proofs are present to es- 
tablish this fact. That the disease is not spread by contact was 
demonstrated to the whole scientific world by volunteer observers 



52 DIPTERA OF MINNESOTA. 

wearing the clothes of and using the soiled bedding taken from the 
beds of patients who had died of this disease. The mosquitoes of 
the district were kept away, and these brave men passed through 
this trying ordeal safely. The transmitter of the yellow fever is 
the mosquito known as Stegomyia fasciata. 

As stated above, we know also that the disease known as filariasis, 
giving rise to the condition known as ^'elephantiasis'* (not H. grac- 
coram,) in which a limb of a human individual becomes enormously 
enlarged, is caused indirectly by the bite of a mosquito, which forms 
one of the hosts of a tiny parasitic worm, Filaria. The writer will 
never forget seeing in the streets of Tangiers, Morocco, a sufferer 
from this loathsome, leprous-like disease, his right leg enormously 
swollen, keeping at bay a horde of heartless boys who were stoning 
him, and taunting him for his deformity. One could almost imagine 
he heard the biblical "Unclean !" "Unclean !" in the unintelligible 
tongue of the Moorish lads. 

Considering the part that mosquitoes play in spreading disease, 
is it any wonder that this family Ctilicidae, is one of intense econom- 
ic importance? 

CHIROXOMIDAE. 
The Midges. 

These small, delicate, gnat-like flies, frequently called midges, 
might well be referred to as "Sunset Flies," since they are wont to 
appear in clouds just before or after sunset, preferably in damp 
places, about water in the woods, and elsewhere, though one meets 
with them in all localities. In the short days of autumn we fre- 
quently see the air full of them "dancing" as it were, in the warm 
afternoon sunshine. Williston has seen them in the Rocky Mountains 
at nightfall, rising in incredible numbers, so abundant as to produce 
a humming noise like that of a distant waterfall, audible for a long 
distance. Frequently they are mistaken for mosquitoes, resembling 
them somewhat superficially, but unlike mosquitoes, they are, with a 
few exceptions, harmless to man. One curious and distinguishing 
difference between them and mosquitoes is the fact that when resting 
they usually lift their fore legs in the air, whereas mosquitqes when 
resting generally have their hind legs raised. There are in all con- 
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siderbly over looo known species of Chironomidae in the entire world. 

The larvae or maggots are delicate, frequently translucent, crea- 
tures, living for the most part in water, but also found in other places 
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where there is moisture, such as under leaves in the soil, in decaying 
vegetables, in pitcher plants, in the sap under bark, etc. The larvae 
of some species are red, which color is due to haemaglohin, such as 
we have in our own blood, and which so easily unites and parts with 
oxygen. The aquatic larvae of some species form an important item 
in the food of trout. It is interesting to 
note that some of these larvfe are found in 
salt water, occasionally at great depths. The 
late Dr. Packard dredged live Chironomid 
larvie in the harbor of Salem, Massachu- 
setts, and in Lake Superior Chironomid 
larvffi have been dredged from i,ooo feet be- 
low the surface. They are found in salt 
lakes, and the larval form of one species 
has heen discovered living at a depth of 
twenty fathoms at sea. The pupae are 
found in water, and the pupee of at least one 
species is said to produce eggs. We find 
in this family the celebrated "punkies" or 
"no-see-ums" (see illustration), those al- 
most invisible pests, which are veritable 
blood suckers, and which go through almost 
any net, no matter how fine. When one 
r 38 c ml to 01 s "No- '^ atackcd by these creatures, scientific im- 
M'a""'cd' Lu""'V*'' "''''■''"*' pulse upon the part of the victim is lost. 
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Fig. 39. Wing of a Chironomid, 
Chironomus. After Comstock. 



and instead of confining the specimen within a bottle, it is generally 
smashed, while the mind frames, but does not always give utterance 
to, a bad word. Aldrich (1904) lists 268 species of Chironomids in 
North America. Eighty-eight of these species belong to the genus 
Ceratopogon. In the June, 1905, issue of the Journal of the New 

York Entomological Society, Mr. Coquil- 
lette described twenty new North Amer- 
ican species of Ceratopogon, the genus 
to which the "punkies" or "no-see-ums" 
belong. 

Species taken in Minnesota are as 
follows (see also Fig. 14, Plate II) : 
Diamesa zvaltlii, Meig. ; T any pus, sp. (several Chironomus sp.) ; 
Ceratopogon ( ?) ; (?) T any tarsus, sp., Coq. ; T any pus annulatus, Say; 
Tanypus dyari, Coq. ; Tanypus pinguis, Loew. ; Chasmatonotus bimacu- 
latus, O. S. 

MYCETOPHILIDAE. 

The "Fungus Gnats" are extremely abundant over almost the en- 
tire globe, and they range from north of the arctic circle to within 
the tropics. They are, for the most part, small mosquito-like flies, 
and all have long antennae or "feelers" which, as a rule, are not hairy. 
The larva or maggot of the species of this family has a distinct head. 
With us they are found in greenhouses, on window panes in the house, 
and near and about decaying fungi; in fact, growers of mushrooms 
have sometimes to complain because of the 
fondness of these insects for the edible 
varieties they raise. The female fly lays 
her white eggs generally on the under sur- 
face of the fungus, and frequently the fimgi, 
or varieties which are commonly spoken of 
as "toad stools," will be found in a decay- 
ing state, and riddled by the small active 
larvae of these insects. 

One genus in this family, Sciara, and 
perhaps the only one which does not live 
on fungi, preferring vegetable mould, cow 
dung, and the space under the loose bark 
of dead trees, has a peculiar habit of 
migrating in large numbers in the larval stage, forming in this process 




Fig. 40. A Mycetophilid. 
Original. 
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a long band on the ground, two, three, four or more inches wide, 
nearly half an inch deep and sometimes ten feet or more long. Some 
observers claim to have seen bands from forty to one hundred feet 
long, five or six inches in width and one inch deep. This peculiar 
column advances, slowly, at the rate of about four inches in five 
minutes; those in the rear working tow^ard the front over the tops 
of the others. On account of this peculiarity the species which have 
this habit are spoken of as the "Sciara Army Worm." The Germans 
refer to it as "Heerwurm.'' What is the purpose of these migra- 
tions in every case is not known ; it cannot always be to obtain food, 
because they are frequently full grown when the journey is under- 
taken. 




Fig. 41. Sciara. Original. The lines below fly indicate natural size. 

Another peculiar trait of Mycetophilids is the luminosity, a rare 
thing amongst Diptera, shown by certain larval forms of the genus 
Sciara, Some members of this genus, too, are said to make galls 
on plants. 

There are probably nearly i,ooo species of this family known, 
and others not described. Economically they are of some importance. 
Hopkins has shown that Epidapus scabies is the cause of potato scab ; 
the larvae of Sciara mali "destroy the interior of apples," particularly 
those that have already been injured by the Codling Moth. The fond- 
ness of some of the species for edible mushrooms has already been 
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referred to. At the same time we must acknowledge that the removal 
of rotting fungi from our woods and gardens, or the hastening of 
the decay of the same hy the activity of these insects, is a most de- 
sirable thing. In the southern United States, from the fact that a 
species of Sciara or "Army Worm" appeared in large numbers con- 
temporaneously with the appearance of yellow fever, it was errone- 
ously supposed to have some connection with this dread disease, and 
hence was called the "yellow fever fly." 



We find in Minnesota the following species, and there are doubt- 
less numerous others not yet met with : Lasiosoma quadraiula. Loew. ; 
Mycetophila monochaeta, Loew ; Mycelophila punctata, Meig. ; M. (?) 
contigua. Walker; Neoglaphyroptcra bk if lata. Say; Sciara, sp. ; 
Ep'cyla, sp. ; Dynatosoma, sp. 
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CECIDOMYIDAE. 

Extremely minute and fragile flies, the maggots of many species 
causing galls upon plants or trees. Members of the family are there- 
fore spoken of as "Gall Gnats." Before Malpighi's time, 200 years 
ago, it was believed that these galls were due primarily to the condi- 
tion of the plant, and that the maggots therein arose spontaneously. 
Malpighi, however, advanced the theory, which is in part accepted 
to-day, that the abnormal growth was due to irritation in the plant 
tissue caused by a liquid deposited by a female fly at time of egg-laying. 
These small flies are found in most parts of the globe, from the far 
north to in or near the tropics, being more abundant in the warmer 
portions of the earth. There are probably at least 1,000 described 
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Fig. 43. A wing of a Cecidomyid. 
enlarged. After Comstock. 



Much 



Fig. 44. Portion of antenna of 
Xylodiplosis, very much en- 
larged. After Janet. 



forms, which are being added to each year. The antennae or "feel- 
ers" are long, and generally hairy, anS there are fine hairs over the 
body and wings of the insects. The antennae are sometimes strik- 
ingly beautiful. We figure one peculiar form from a Cecidomyid 
known as Xylodiplosis. In this species the hairs on the antennae 
have no free extremities, but form loops, as indicated. 

The tiny larvae, or maggots, are of various colors, red or pink, or 
shades of yellow and orange. Their bodies consist of fourteen seg- 
ments, which is apparently an exception to the rule that maggots have 
thirteen segments. A most striking structural peculiarity of almost 
every species of the family is the presence of a small forked horny 
piece, with the horns pointing forward, beneath the anterior end, be- 
tween the second and third segments. It is called the "breast bone," 
in England the "anchor process," and its use evidently is not known, 
though it may be analogous with the mentum, the structure having 
to do with the under lip. Miss Ormerod regarded it as a scraper or 
digger, to assist in obtaining food from the stems of plants. It is 
shown in our illustration. 
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An extremely interesting point in the life history of insects in 
this family, according to Theobald, is their parthenogenetic develop- 
ment. In the larval stage parthenogenesis is not at all uncommon 
among insects in general, and is found to some extent in the order of 
Diptera, but nowhere so peculiarly interesting as in the larval life of 
the Cecidomyidae. The ovaries in the larvae become fully developed 
and give off eggs; these eggs hatch into other larvse, which in turn, 
give rise to further larvae in the same way ; "and so on," says Theo- 
bald, "until as many as five generations may be seen in an old larval 
skin." The discovery of this peculiar phenomenon in the Cecidomyidae, 
in i860, is credited to a Russian naturalist named Wagner. The larvae 
of some species leap, being assisted in this act by processes upon the 
last segment. The pupal case or puparium made by individual mag- 




I'ig. 45. Fertilization of Aristolochia clematis by Cecidomyiids. From Theobald's "British Flies." 

gots in this family is brownish. In the case of the Hessian fly it has 
a slight resemblance to a flax seed, and is commonly thus referred to 
by wheat raisers. 

Although the Cecidomyids represent a very injurious group of 
insects, they undoubtedly do good by bringing about cross-fertilization 
in minute plants, too small for most insects to enter. Theobald de- 
scribes in the following words the fertilization of the European Aris- 
tolochia clematis, which is largely accomplished by Cecidomyids. He 
says that he has seen as many as five of these insects in a single blos- 
som of this plant : "Each of these greenish blossoms commences with 
an expanded lip. This passes into a funnel or throat (A)" (see illus- 
tration), "which is lined by hairs, so placed that they allow the en- 
trance of an insect, but not its exit. This long funnel opens into a 
flask-shaped enlargement (B), in which are placed the generative 
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^ organs. This cavity is also lined by hairs, especially at the base, 
around the anthers. The stigmas are placed above the anthers, and 
curve over them, the anthers being surrounded by the hairs of the 
flask. 

"Fertilization takes place in the following way: The Cecidomy- 
id enters the throat and passes down it, the hairs being placed so as 
to allow its free passage. As soon as it enters the flask it crawls about 
until its back, which is laden with pollen, comes in contact with the 
stigma, and thus fertilizes them. Upon this taking place, they spring 
up and assume an erect position. At the same time the hairs of the 
flask collapse and the anthers dehisce. The insect then crawling down, 
gets the pollen upon its back. While all this has been taking place 
the hairs of the funnel have withered up, and the Cecid or other insect, 
laden with fresh pollen, flies away to another blossom to repeat its 
experiences. But this is not all ; as soon as the insects are free from 
the fertilized flower, the lip of the corolla bends over the entrance to 
the blossom, and thus effectually stops another fly from entering on a 
useless mission. The whole pedicel assumes a bent appearance, while 
the unfertilized ones are erect. 

"This is, perhaps, one of the most curious adaptations that a plant 
has undergone for fertilization by insects, and has called forth a great 
deal of attention.'' 

A few larvae of this family are found in decaying wood, one species 
has been reared from decaying tulip and hyacinth bulbs. For the 
most part, one species will confine itself to a certain species of plant, 
or closely allied species of plants. Note, for instance, the much 
dreaded Hessian fly, which affects wheat almost entirely, although 
taken on barley, and on rye sparingly. One curious exception to this 
seeming rule is noted in the case of C. sisymbrii, which it is claimed 
forms a gall in the spring on the barberry, and later in the season on 
the nasturtium. It is to be noted also that the larvae of some species 
live as guests or parasites in galls formed by other species, and some 
live parasitically amongst plant lice. Attempts have been made to 
classify the galls made by individuals of this family. No doubt all 
of our readers have observed the peculiar cone-like growth on the tips 
of branches of some of our willows (see illustrations). This is called 
the "Pine Cone Willow Gall" and is made by a Cecidomyid very com- 
mon in Minnesota. 
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Some observers claim to have observed a great activity of Cecid- 
omyid larvae after a thunder storm, claiming that they leave their 
hiding places under ground, and crawl about restlessly for some time. 

One of the prominent pests in this family is the Clover Leaf 
Midge, which folds the clover leaf lengthwise. We have also the 
Clover Seed Midge, which is exceedingly destructive to both red and 
white clover, preventing the maturity of the seed. But by far the 
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most injurious of the family, indeed, at times, the worst of pests in 
wheat growing districts of the United States, is the Hessian fly, 
Mayetiola destructor, which gets its common name from a supposi- 
tion that it was brought to America in the bedding of the Hessian 
soldiers. Much work has been bestowed upon this insect, and much 
written upon its ravages and treatment. It has been thoroughly dis- 
cussed in various reports from this department, and perhaps needs 
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no further comment at this time ; yet on account of its widespread 
distribution in Minnesota, and the importance of knowing the best 
way to handle it, we give here, in condensed form, the methods of its 
control : 

I. Bum the stubble when, from any reason, shallow plowing is 
imavoidable, or when plowing is to be delayed in the spring until 
after emergence of flies. If the stubble is left long it will burn easier. 
Some farmers are willing to go to the trouble of spreading straw from 
threshing over the stubble, thus insuring the burning, and at the same 



Fif[. 18. Diffcrenl stages of Hessian Fly; (a) female; (b) flaxseed puna; (c) larva; (dl 
head and breast bone of same; M puparium; (f) eoioon; tg> mfesled whpal stem 
showing emernence of punac and adults. From C. L. MarUll. U. S. Dept. oi 
Agriculture, Bureau of Enlomology. 

time the getting rid of some "flax seeds" which may have lodged on 
the surface of the straw pile at the time of threshing. It is well, how- 
ever, to remember that repeated burnings, from the standpoint of our 
chemists, 'are not good for the soil. 

2. Fall plowing of the stubble in such a way that the straw is 
completely turned under. In this Connection we should not overlook 
the fact, made evident from the findings of 1903, that volunteer wheat, 
wherever found in the fall, may contain "flax seeds." 
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3. All screenings and litter about the threshing machine should 
be cleaned up, and either fed immeiiiately or burned, leaving no 
litter from the threshing in the field. There is no absolute need of 



burning the straw pile. The flies emerging from "flax seed" in the 
center of the pile will never reach the surface. 
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4. Since the fly lays its eggs, as a rule, near the locality where 
it emerges from the "flax seed," it is best not to plant wheat on the 
same ground two years in succession where rotation is possible. Vari- 
eties of wheat that produce a stout stalk are the least affected by this 
pest, and varieties of wheat should be selected and the soil handled to 
that end, remembering that a rank growth does not mean strong straw, 
but the contrary. 

5. Co-operation is absolutely necessary, for however careful one 
may be, if his neighbor is not equally so, the latter's fields will afford 
a supply of this pest for the former. Since the pest issues from the 
"flax seed" early in May, a stubble field left for corn land not plowed 
up to the loth of May or later has probably discharged its quota of 
flies, ready for mischief, before plowing. 



caused by a Cecidomyid. Original. Otiginal. 

As stated elsewhere, this pest will increase and decrease at regular 
intervals, due to the increase and decrease of its many parasites, 
which in turn are due to the abundance or the contrary of the fly. 
Regarding the number of broods of Hessian fly in Minnesota, bear- 
ing in mind the fact, as clamed, that the pupa may live many months 
in its case before emerging as a fly, we hardly feel justified in claiming 
a number of broods of this pest each season, until further observations 
have been made along this line. 

The Wheat Midge, Diplosis trltici^ another pest of this family, 
works in the flowers of the wheat. Another species of the same 
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genus, D. violicola, found in Minnesota, rolls up violet leaves and lives 
within. Still another, D. resinkola, or the "Resin Gnat," is found 
living as maggots in lumps of resin on various species of pine. This 
resin may have formed there as the result of injury by some caterA 
pillar, or by abrasion of the bark; whatever its origin, it protects the 
maggots, which undergo their transformations in it. Our box elders, 
always a prey to insects, have been for three years or more disfigured 
by galls on their leaves, as shown in Fig. 55. 




Another tiny member of this family, C. aceris, also reared in 
our laboratory, causes a rolling of the leaves of the soft maple, in 
which very imperfect gall lives the maggot. We also have in Minne- 
sota, in fact, we have reared them from the galls, Cecidomyia rabiniae, 
working on the leaves of locusts. The leaves of our basswoods too 
frequently suffer from a Cecidomj'id gall maker. We have also 
reared specimens of a Cecidomyid from the fungus known as Poly- 
porus. The larvae found in this fungus had the power of leaping. 
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The imago and larvae of this insect are shown in Figs. 53 and 54. 
The gall like growths caused by many flies in this, and by insects 
in other gall-making families, said growths being seen on willow, 
oak, goldenroci, sumac, maple and countless other trees and plants, 
are caused by the tissue of the plant in the immediate vicinity of the 
egg or larvae making an abnormal growth, due evidently to the 
presence of an irritating agent placed there by the parent insect, or 
by a secretion from the newly hatched larva, or in some other way 
not at this time thoroughly understood. 



Fig. 55. Unsightly galls on hox »Ldcr leaves. Caused hy a Ctcidomyid. Rugglcs. 

Species of this family collected in Minnesota are: Contarinia 
lioHcoia, Coq. ; Mayeliola (Cecidomyia) deslnictor. Say.; C. aceris, 
Shim.; C. robmae,lia\i\; C. (?) ne guiidiiiis, GiW.; Asphoiidylia, sp., 
"bred from cabbages in October ;" a Cecidomyid bred from Polyportis. 
There are doubtless many others not yet encountered, 



DIPTERA OF MINNESOTA. 



RHYPHIDAE. 

False Crane Plies. 

\ / 




Fig. BS. Rhyphas fui 
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A very small family of flies, containing only a few species, pos- 
sibly less than twelve in the United States. Rhyphus fenestralis, 
as its name indicates, is frequently found on windows. Comstock 
has observed species of this family feeding at night-fall on sugar, 
placed on trees to attract moths. They are also said to feed upon de- 
caying fruit and other vegetable matter. The small larvae are worm- 
like, legless, and are found in pools of water, brooks, puddles, in decay- 
ing wood, rotten fruit and cow dung. Our illustration (Fig. 56), 
shows the appearance of Rhyphtis punctatus, Fab., taken in Minnesota 
in May, and typifies the imagoes of this group. The flies are small, 
mosquito-like, and look like small editions of Crane Flies {Tipulidae), 
but lack the V-shaped suture on the thorax, which characterizes the 
latter family. 

Minnesota species so far taken : Rhyphus punctatus, Fab. 

ORPHNEPHILIDAE. 

Solitary Midges. 

The members of this family are very rare, and belong to one genus, 
Orphnephila. Very little, if anything, is known of their transform- 
ations. The flies are small, brownish or yellowish, and found in the 
neighborhood of streams. One species occurs in Great Britain, and 
but one, according to Comstock, 1895, O. testacea, in the United States. 

BIBIONIDAE. 

March Flies, 

Perhaps "Spring Flies" would be a better appellation for these 
insects, since as far as Minnesota is concerned they rarely appear in 
March, some species being first observed when spring is quite well 
along, and a few do not appear until autumn. They are well illus- 
trated in Figs. 57 and 58, and for the most part are dark colored, 
though the legs of the females of some of the species are brightly 
colored; some species are yellow, and a very common species, Bihio 
albipennis (see illustration), one of the earliest observed here, has 
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whitish, milky wings, contrasting with its black body. They all 
fly heavily, and are quite likely to be found among grass and other 
vegetation close to the ground. The sexual differences in coloration 
are striking, and oftentimes so marked as to lead one to think that he 
is looking at a different species. In this connection we might speak 
of another striking structural difference between males and females 
of many species, viz.: not only are the eyes of the males contiguous, 
but each eye is divided into a large upper portion and a small lower 
portion. The larvae or maggots feed upon vegetable matter, some 




Fig. 5T. Bibia albifiennii, female. 
Original. 

forms being particularly fond of roots of grasses. While they can 
hardly be regarded as pests, one species, DUophus febrilis, the so- 
called Fever Fly, very common in Great Britain, causes serious injury 
to hops by feeding on the roots of the vines. 

There are three hundred or more described species of the family, 
and they have a wide range, from Scandinavia to the tropics. Their 
range in time, or geological range, is not extensive, though they are 
more abundant in fossil form than any other insect. The writer has 
captured B. albipennis. Say, very commonly in Minnesota in May and 
June, and B. patUpes, Say, at Basswood I-ake in June. B. variabilis. 



Note. — In a few cases we have found specimens in the collection labeled 
South Dakota, not represented by species from this state. Since they are with- 
out doubt also found in Minnesota, though not yet taken here, we have in- 
cluded them with the Minnesota species; in every case, however, disignating 
them by the abbreviation, "So. Dak.," placed after the name. 
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Loew, has been captured at Lake Superior, and Plecia heteroptera. 
Say, is the fourth species recorded in this state. We also record 
Dihphus breviceps, Loew, So. Dak. ; Diiophus serraticolUs, Walk. ; Sca- 
topse itotata, Linn. Plecia heteroptera is illustrated in color on 
Plate H. 

SIMULIIDAE, 

Black Flies, Buffalo Gnats. 

These minute flies, belonging to the single genus, Simulium, are 
always more or less troublesome in summer to both stock and man in 
certain localities. Only the females "bite," but many of us can bear 
witness that each female can do enough mischief for two, and many a 



would-be prospector, surveyor, or fisherman has returned in disgust 
from the woods, vanquished by the persevering hosts. A clot of 
blood generally marks the point of the creature's attack. Swarms 
of them frequently annoy horses during the spring plowing, and when, 
as sometimes occurs, they attack stock in enormous numbers, serious 
loss is occasioned. Cloudy weather discourages them, for, like the 
chinch bug, they want warm sunshine. 
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The perfect flies, that is, the imagoes or adult insects, are about 
one-eighth of an inch long, more or less downy or velvety, a "humped" 
thorax and the short antennae consisting of ii joints. They breed 
in running water, hence they are particularly abundant in the northern 
part of Minnesota, where, for them, ideal summer conditions exist. 
The writer, in a trip to Labrador several years ago, found them un- 
bearable a short distance from the coast, and was glad to flee back 



to the shore. They are nearly as bad, quite bad enough, in this state. 
In the northern part of Minnesota in ordinary seasons, they begin 
to be troublesome a little before the first of June. Oil of citronella, 
used as for mosquitoes, is effective as long as the skin is moist with 
the same. Louis Agassiz refers feelingly to their attacks, in "Lake 
Superior," and even such an enthusiastic coleopterist as E. A. 
Schwartz has been obliged to give up collecting insects in localities 
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where these pests abound. Countless other instances might be cited 
of man's inability to cope successfully with this tiny fly. It is not 
only a northern production, occurring often in Iceland, but is 
also found in the tropics of Africa and America. Through the 
southern part of the United States they are referred to as "Turkey 
Gnats" or "Sand Flies," and they sometimes cause very serious losses 
among stock, a fact which has already been referred to. The death 
of the afflicted animals is thought to be due to a poison left in the 
wound by the fly, said poison producing a disease which causes death 
very shortly. In 1884, in Franklin Parish, Louisiana, they killed 300 
head of stock in a week. In 1874 the State of Tennessee alone 
lost as much as $500,000 worth of stock from attacks of these flies. 
Referring to their abundance in the South Dr. LUgger says, in one 
of his reports: "Nobody can realize the beauty of southern scenery 
who has not been there during plowing time and when the buffalo 
gnats were out in force. Just imagine a mule coated with stinking 
oil, or painted with mud or molasses, pulling a plow from which is 
suspended a tin pail containing a smudge, while the mule is further 
adorned by another tin pail suspended from his neck; the latter con- 
tains also glowing embers in which are produced such fine odors as 
can be made by burning leather and other similar substances." We 
have found S. venustum, fairly abundant and annoying stock in this 
State about the last of May (27th-3oth). 

My predecessor, in working up Minnesota forms, was evidently, 
according to his labels and his report for 1896, led into error, and mul- 
tiplied the number of species occurring here. In other words, out of 
S. venustum he created S. irritatum, and S. minutum, and wrongly 
identified some specimens of S. venustum as S. decorum, Walker. This 
mistake was evidently first suspected by O. A. Johannsen of Ithaca, 
New York, and has been the subject of considerable correspondence be- 
tween him and the writer. He has kindly cleared up the tangle, and un- 
hesitatingly pronounces Lugger's specimens (imagoes) of S. irritatum, 
S, decorum and 5. minutum to be 5. venustum. His (Lugger's) S. 
tribulatum is S. vittatum. Therefore, in his Second Annual Report, 
1896, Fig. 143 should be labeled S. venustum and not S, minutum; 
Fig. 144 is the same, not decorum; Fig. 145 is not irritatum, but 
venustum, as is Fig. 146, which Lugger also called irritatum. Fig. 
147 on page 179 of his report is the larva of S. vittatum, not tribulatum, 
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as he has it. The same is true of Figs. 14S, 149, 150, 151. 

The following is a quotation from Dr. Lugger's Second Report. 
We omit references to his figures, which are, as we have said, errone- 
ously labeled : 



"In our lake regions we find a large number of streams that flow 
over rocky bottoms, and are obstructed by floating grasses and other 
submerged plants. When we see a place in which the water flows 
more rapidly than in others, we can be certain to find there the early 
stages of buffalo-gnats. By investigating the plants that cause an ob- 
struction, we find large numbers of larvK and pupse fastened to them, 
* * * This latter species (S. zitlatum) is a great tormentor to 
humanity, and the proverbial patience of fishermen is severely taxed 
by their bites. In the northern part of Minnesota this species is called 
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the "black fly." Their bite is very severe, and the experience narrated 
by A. S. Packard would apply to this insect as well as to the one that 
tormented him in Labrador. In many places fishermen have to build 
smudges to drive away some of these tormentors. * * • 

"All these insects have a very similar life history, and the one 
given will apply to all. Their peculiar larvae live in swift currents of 
creeks and rivers, where they feed upon very small aquatic animals, 
diatoms, desmids, etc. To obtain this food they are equipped with 
peculiar fans on their heads, which are constantly moving in the water, 
thus creating a current toward the mouth proper, and the material 
thus brought there is sorted by the other mouth-organs and either 
utilized or repelled. The larvae living in such a swift current anchor 
themselves by a peculiar sucking disk at the end of their body, and 
by a tough silken line, and are thus kept in position, which is an 
upright one, and one in which the face fronts the current. The 
larvae breathe by means of a peculiar organ situated near the tail, 
and the different species are distinguished by these breathing organs, 
which are either very simple or are quite complicated. Only one 
leg is found upon these strange looking beings, and this is found upon 
the first joint, yet by means of it and the sucking disk at the tail 



Fig. ea S. vUlalum , larger female, smaller male, to show markings. Lugger. 

end of the larvae can move about like the well known measuring 
worms or geometers. Constantly feeding, these larvae grow very 
rapidly, and are soon ready to transform into pupae. But before 
they can do so they have to construct some protection for the inactive 
pupae, otherwise this would be swept away by the current. They con- 
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struct for this purpose a neat little cradle-like house, made loosely of 
silk, and open at the top. This cradle is built against a stone, or upon 
submerged plants. In it the larva fastens itself by a little loose silk 
in the closed part, and now transforms to a pupa, and again removed 
from the cradle. But a great change has taken place, and the insect 
no longer breathes through an organ located near the tail, but by an 
entirely different one near the head. These breathing organs differ 
greatly in the different species, but are always composed of a number 
of fine threadlike tubes closed at the end, and which unite near the 
base in a larger tube that communicates wi^h the interior tracheal 
system. Gradually the fly forms inside the pupa, and when ready to 
issue it leaves its old quarters, and popping to the surface like a cork 
runs over it, and flies off to the shore to harden its chitinous covering. 
Such larvae and pupae abound in all our northern streams, but only 
in places where there is a swift current. Here the eggs are also de- 
posited, and mose frequently upon stones near enough to the surface 
of the water to be kept moist, or upon the projecting parts of sub- 
merged objects. The female is, in fact, able to dive, and can deposit 
her eggs even under water. These eggs are arranged in a very neat 
manner, and are usually white." 

In 1822 Verdat wrote an interesting account of the escape of this 
delicate fly from the pupal case, below the surface of the water. 
According to this observer the pupal skin during the latter part of 
the pupal life becomes inflated with air, probably through the spir- 
acles. It finally splits along the back, as is usual among insects, 
and the contained air emerges as a bubble. This bubble rises quick- 
ly to the surface, with the contained fly, which later escapes dry and 
uninjured. The body of the fly is covered with fine hairs, amongst 
which the air is imprisoned, the surface film of water pressing against 
the hairs, but not entering the spaces between. 

Methods of Prezention : 

Animals which have not shed their winter coats suffer more than 
those whose skin is smooth, since the flies can apparently get a better 
hold where long hair exists. Horses clipped in the early spring, 
therefore would not suffer as much as undipped animals. Horses 
and cattle in darkened stables are not attacked. If a preventive is 
called for on a working team, fish oil or fish oil with a little kerosene 
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added (one part kerosene to three of fish oil) appHed about once a 
day, would be of benefit ; or grease with a few drops of carbolic acid 
mixed with it. Many repellants are devised and sold, the application 
of many of them being almost as bad as the attack of the insect, and 
almost none of them eflFective where the flies are very numerous. 
Fishers and hunters sometimes use a mixture of kerosene oil and 
mutton tallow, greasing the exposed parts with the same. Oil of 
tar is also used, and a number of others too numerous to mention. 
One repellant sold some years ago under the name of "Black Fly 
Cream," and made in Portland, Maine, is said to be good. In 
anointing animals with the various strong smelling oils, one must 
use care not to use machine oil or other strong oils, the repeated 
applications of which are apt to remove the hair. Smudges are 
resorted to, not only for stock, but also in tents in the woods, and even 
in houses in localities where black flies are bad. The Hudson Bay 
Company used to burn pyrethrum powder (Persian or Dalmatian 
insect powder) in houses and stores, and Dr. Lugger claims to have 
used this successfully in his trips into the timber. 

Minnesota species as far as collect- 
ed are as follows: S. vittatum, Zett. ; 
vJ. venustum, Say ; 5". irritatum. Lugger ; 
Lugger; 5". (?) invenustum, Walker; 
S, (?) pecuarum, Riley. Williston in 
1896 stated that this family was repre- 

Fig. 63. Wing of Simulum, much SCUtcd by about 75 SpCCicS. At Icast 
enlarged. After Comstock. r .1 o • • • x 1 

one of these, 6. tnnoxiuniy is not known 
to suck blood. There are about 25 species of this interesting family 
in North America. 

TABANIDAE. 

Variously known as Horse Flies, Breeze Flies and Gad Flies; 
these two latter terms being also applied to Oestridae. Some, which 
are found particularly in the timber, aflfecting deer and moose, are 
called "deer flies" ; some of them we refer to as "green heads''. 

To fit these flies for their parasitic habit of preying upon quadru- 
peds, Nature has equipped them with powers for extremely rapid 
flight, and they can easily overtake the fastest deer or horse. It 
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has even been said of them that some can fly faster than an express 
train at full speed. 



Both males and females are found on flowers, the males confining 
themselves to a diet of nectar, and never biting, the females only re- 
sorting to the sweets offered by flowers when blood cannot be ob- 
tained. They not only infest quadrupeds, but many of them do not 
scruple to attack man, as many of us know to our cost. Warm 
weather and bright sunshine appear to be the conditions most conducive 
to their activity, and they are, as a rule, more numerous in the vicinity 
of low and marshy places, prairie country for instance, because the 
adults appear to be especially fond of water, and their brownish or 



) 



black eggs are deposited either on stems or leaves, in the case of 
those whose larval life is passed on land ; or upon reeds in the water 
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in the case of aquatic forms. Pine woods, too, seem to attract them. 
Some forms of larvae are said to live in rotten wood. The larvae 
are always carnivorous, feeding on snails, or the early stages of insects, 
thus offering something of a compensation for the mischief caused 
by them as adults. Not only are the attacks of Tabantds exasperating 
to both man and beast, but it is (|uite possible, even probable, that they 
may transmit disease, by biting a well animal after having fed upon 
the bloo*! of some infested creature. They are probably active agents 
in distributing the disease known as "anthrax." 

The writer was appealed to for help last summer by a mail carrier 
in the northern part of the state, who had to discontinue carrying mail 
on account of the attacks of Tabani'dae upon his horses. Nets or light 
covers are, of course, a protection, particularly the latter. 

There are in the entire world, according to W'ilHston, about 1400 
or over (probably at least 1,500) known species belonging to this 
family. Over 150 of these are .American. Tabanus alone, a verj- 
c immon genua, has more than 100 species in America, and there are 
at least 50 N'orth American species of the genus Chr\sops. Rein- 
wanh's Breeze Fly fsce illustration) is verj' common in our prairie 
country. Dr. Lugger speaks of them as so numerous on a window 



pane in a small rural station on the prairie as to obscure the light, and 
upon the bench below the window he counted 2,1 17 flies. 
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Where nets or light coverings cannot be used, anointing the 
horses with repulsive ointments, such as fish oil, or fish oil and tar, 
would be of benefit. Care should be taken never to use machine oil 
for this purpose, as the results of its use are disastrous to the hair. 

Tabanns atratus is parasitized by a tiny four-winged fly, known 
as Phanurus tabankorous, Ashm. 

Some members of the genus Cbrysops (see Fig. 67 and also Plate I) 
appear to direct their attacks to the region about the eyes and ears 
of stock. Horses' ears may be protected by nets, or the ears and 
skin about the eyes may be smeared with the following sohition : Pine 
tar one gallon, kerosene or fish oil, or crude carbolic acid one quart; 
powdered sulphur two pounds. This mixture, also, applied to wounds 
made by barbed wire or otherwise, will keep off flies which might 
otherwise lay their eggs in same. 



The larva of one species of Chrysops is said to eat plant lice. 

Species taken in Minnesota are: Chrysops obsolelns. Wied. ; C. 
celcr. O. S. ; C. aestuans. V. d W. ; C. mmiffahis. Macq. ; C. liftatus. 
Wied; C. pilaris, O. S. ; Tabanns gigaiileus. De G. Plate 11; T. 
atratus. Fab.; T. reinwardtii. Wied.; T. lineola. Fab.; T. lasiophfhal- 
mus. Macq. : T. trispulis. Wied. ; T. phaeiwps. O. S. ; T. orion 
O- S.; T. centron, Mart.; 7". costalis, Wied., Plate I, and 7'. rhombicus. 
O. S. ; Sihius qnadri-iitlatus, Say So. Dak. Pangonia Iranquilla, O. 
S. ; Chrysops sordidiis, O. S. 
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STRATIOMYIDAE. 

Soldier-Flies. 

As children, and the same is, in a measure, true of us as adults, 
we always ran to obtain a giimpse of the bright uniforms of soldiery. 
Some such thought must have inspired the naturalist who first called 
the members of this family "Soldier-Flies," for while some are of mod- 
est colors, many show most brilliant and striking features in this direc- 
tion — yellow and black, or black and green being the most striking com- 
binations, while uniform metallic greens and blues are extremely com- 
mon. While the smaller species are 
active, the larger varieties are notice- 
ably slow. They can be picked from 
flowers by the hand, and make no 
effort to escape. On June 12th, at 
Fie «9. A characteristic siratiomyid wing ^*- Anthouv Park, within half an hour 
After Comsiock. ,1^^ writcs coUectcd from the flowers 

a Ninebark bush, Physocaptis opulifolius which stood in the hot sun, 
over fifty specimens of this family, representing nine different species. 
They were exceedingly abundant, and twice that number could read- 
ily have been obtained. This bush, a near relative of the golden 
leaved Spirea, has apparently a great attraction for many flies, as well 
as Hymenoptera, since member of other families, Muscids, Sarcop- 
hagids, Syrphids and Stratiomyids, were swarming about the newly 
opened flowers. 

This family is a large one, about 
i,ooo or more species being known. » 

In the more typical forms the abdomen 
is broad, and more or less flattened. 
The venation of the wing is a most 
striking characteristic (see illustra- 
tion). The adults are flower lovers. 
They lay their eggs on the ground, on 
aquatic plants, and possibly on the 
water. The larvae feed either upon 
small animals or upon vegetable mat- 
ter. The larvae of one species has been 
found in cow dung and under stones, 
and another larval form occurs in the 

- , . . .,. .. rig. TO. Flies attracted tt "Nine Bark" 

sap of elm trees, stul another " ^^^^^^^_ original. 
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in privies ; two others in decaying wood and in moss respectively. 
Many, however, both in the larval and pupal stages occur in water, 
some even being found in water that is salty or alkaline. Some have 
even been discovered in a hot spring in Wyoming, where the water was 
so warm as to render it impossible to keep one's hand in it. We figure 
the larva of one species in two positions, to show the method of locomo- 
tion in water, and also the coronet of filaments at the posterior end 



Fig. 71. Siraliomyia discalis. Lufcgcr. 

of the body, which is in part at least, of use in respiration, in that it 
can include in its mesh a bubble of air, and take this bubble below the 
surface. The larva figured can creep on earth, or on mud. Limbs 
are not present. One larval form, 
Hcrmctia ilUicens. has been found in 
the intestine of man, and has also been 
bred in Irish potatoes. Doubtless its 
occurrence in the human intestine is 
due to the eating of uncooked vegeta- 
bles, such as lettuce, upon which the 
larva may be living. Maggots of this 
form are also found in catsup exposed 
to the air. and their occurence in bar- 
rels of catsup has been explained on 
on left, the ground that the females lay their 
iii'^right^ eggs in the material oozing through 
er Swam- ^^^ cracks in the barrel, and the small 
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maggots can work their way through these cracks. Such material is 
best kept in sealed bottles. Several members of this interesting 
family occur in Minnesota. The writer has taken the following 
species in this state. 

Straiiomyia barbata, Loew ; S. badia. Walker ; S. discalis, Loew, 
Fig. 8, Colored Plate II; S. limbata, Loew; S. meigenii, Wied. ; S. 
picipes. Loew; S. iiormula. Loew; Sargiis titidis, Say, Fig. i, Colored 
Plate I; AUognosta fnscifarsis, Say; Nemotdus unkolor, Loew; A^. 
mgrinis, Fall.; N . uUgtnosus, Linn.; Actina (Berts) iiridis, Say, Fig. 
73; Microchysa polita, Linn.; Odontomyia ciiicta. Oliv., Fig. 7, Colored 
Plate I ; O. ? crtcbrafa. Say ; O. triiqmi. Bell ; O. Havkorms. Oliv. There 
also occur in Minnesota as shown by labels on specimens in our col- 
lection Odontomyia bhiolafa, Loew, female shown in Fig. 3, Plate I; 
O. inaequalis, Loew,; O. mgrirostis, Loew.; O. inlerrupta. Oliv.; 0. 
pilimana, Loew.: O. intermedia, Wied.; Sargus decerns, Say, Fig. 4. 
Colored Plate II ; Enparyphiis beUus, Loew ; Hyloiiiyia paUipes, Loew. 



ACANTHOMF.RIDAE. 

A small family containing only fifteen or sixteen species, about five 
of which occur in North America, contained in two genera found only 
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ill America, including the largest representatives of the Diptera, some 
of them being nearly two inches long. Most of these flies live in Cen- 
tral and South America, where it is said they are found in forests, 
tjn trunks of trees. But little is known of their haOits. 

As might be expected, we have not met with any representatives 
of this family in Minnesota. 

LEPTIDAE, 

Snipe-Flies. 

The name "Snipe-Flies" is given to this family on account of the 
somewhat long legs, tapering abdomen, and occasionally a long pro- 
boscis or "beak" pointing downward, suggesting a fanciful resem- 



blance to the birds of this name. They ilo not all, however, have 
these somewhat superficial characters. Some of these flies are quite 
large, Coenomyia ferrui^inca. for instance, Fig. 2, Colored Plate II, 
is from three-quarters of an inch to one and one-half inches in length; 
Chrysopila thoracica, a strikingly handsome fly, shown in color Fig. 
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4, Plate I, and in Fig. 74 is at least an inch long. The old families 
Xylophagidae and Coenomyidae are now included here. 



The snipe flies are fotuid in fields, on tall grass or bushes, and 
1 woody places, generally when resting having the head down. In 




the adult form some are predaceous, and the larvae of all species live 
in the earth and in decaying vegetation or in water, and prey upon 
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other animal organisms. One form, according to Williston, lays its 
eggs on the sand, and the larvje form conical pits therein for the pur- 
pose of capturing other insects. Aldrich (1905) gives about 120 
species as occurring in North America. The females of an exotic 
species, Atherix ibis, lay their eggs in a common mass on a twig over 
water, (lie as they do so, until, according to Sharp, the mass may in- 
clude thousands of individuals; ultimately it falls into the water. 

Minnesota species as far as collected by tliis department are: 
Chrysopila qnadrata. Say ; C. fasciala. Say ; C, ornata, Say ; C. 
proxima, Walk. ; C. tlwracica, Fab., shown in color as Fig. 4, Plate I, 
and also in text ; Xylopkagus ruUpes, Loew ; Atherix zariegata, Walk. ; 
Coenomyia ferruginea, Scop., Colored Plate II, Fig. 2; Xylomyia 
farcus. Will.; Leptis achracea, Loew; L. puiiclipennis. Say; Leptts 
mystacea, Macq., Fig. 17, Plate I, also shown in text. There are doubt- 
less others not yet met with. 

ACROCERIDAE=CYRTIDAE, 

Small-headed Flies. 

The writer has not met with these flies in this state. They have 
a strikingly small head, a prominent humped thorax, and a large 



abdomen. Some have very large proboscids, sometimes longer than 
the body. These feed upon flowers, others take no food in the adult 
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Stage. Williston states that the larvae, so far as known, are parasitic 
upon spiders and their cocoons. Aldrich, who, by the way, retains 
the name Cyrtidae for this family, lists forty-two species for North 
America. We figure Opsebius pterodantinus, O. S., to illustrate the 
family. 

NEMISTRIN'IDAE, 

Tangle-Vein FUes. 

Not met with iti Minnesota. Sharp and Williston state that about 
lOO species occur in this family, widely distributed. Aldrich, in his 
catalc^ue for 1905, mentions only six species as ocairring in North 
America. The veins of the wings of these flies unite in such a com- 
plex manner as to give to the group the name "Tangle-Vein Flies." 

ASILIDAE, 

Robber-Flies. 

These rapacious and really useful flies prey upon insects weaker 
than themselves, carrying otf bodily flies, wasps, and even beetles and 




large grasshoppers, to be killed and devoured. Williston reports hav- 
ing observed a female seize and carry off a pair of her own species. 
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Their prey is always taken upon the wing, and their appetite is evi- 
dently hard to satiate, one individual having been observed to kill 
eight moths one after the other. 

They vary in size from one-third of an inch or smaller to species 
two inches or more in length. Our iJhistrations give an idea of the 
difference in appearance between some of the species. Cyrtopogon 
biinactiUi, Walk., Fig. 78, is nearly an inch long, the general color 
being black, the wings clear with black markings; DasylHs thoracica. 
Fab,, Fig. 79, is shiny black, with a profusion of yellow hairs on the 
thorax, and on the head between the eyes. Fig. 80 illustrates one of 
the more delicate forms, Stichopogon Irifasciatus, about two-thirds of 
an inch long, head and thorax pearl, abdomen black with pearl col- 
ored lines where the segments meet, and a broad band of the same 
color on the fourth abdominal segment. Promachiis rertebratus, Say, 
Fig. 81, one of our largest species, and very common, the writer has 
seen flying off over a wheat field with a good sized grasshopper in its 
grasp. Laphria sericea. Say, is shown in color, natural size, as Fig. 
21, Plate II; Dasyllis sacrator. Walk., Fig. 10, Colored Plate II, looks 
something like a large bumble bee. All the above species occur in 



Minnesota, as does also Procfocanthus brevipennis. Wied., which looks 
something like a small edition of P. rertebrata; P. milbertii, Macq. ; 
Tohnerns notatus, Wied.; Erax rwdbarbis, Macq., and B. aestuans, 
Linn.; Cyrtopogon fallo. Walk.; Taracliciis ocfopnnctatiis. Say; Lcp- 
togaster incisuralis, Loew. ; L. Havipes, Loew. Several other species 
belonging to the genus Asilus are yet to be named. 
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The larvas, also carnivorous, occur in rotten wood and other veg- 
etable matter, such as decomposing leaves and in the soil. Eggs are 
lai<l in the soil or in rotting trees, the latter place doubtless being 
chosen because such a locality abounds in the larvae of other insects. 
Aldrich (1905) lists 552 species in North America alone, a very few 
of them being of <loubtful authenticity, while WilHston and Sharp 
state that there are something like 3.000 described species of Robber 
Flies in the world. 

These insects may be 
seen upon the ground or 
upon the foliage of trees. 
When disturbed in the for- 
mer position they rise 
■ quickly, making a sharp 
buzzing sound, and light 
again a short distance be- 
yond. The members of 
this family imite in having 
a firm, horny proboscis, 
adapted for piercing their 
victims, either pointing for- 
ward or directed down- 



Mydas-Flies. 

Large flies, the largest of the N'orth American Diptera, resembling 
the Robber Flies superficially. The adults, like those of the preced- 
ing family, are predaceous. The larvEe live in decaying wood, and 
some, like the larvae of the AsUids, prey upon the larvse of beetles. 
About 100 species are known, many of which occur in Australia and 
Africa. Mydas davalus, Drury, a striking species (see Fig. 15, Col- 
ored Plate II), has been taken in Minnesota. The colored drawing 
represents the natural size of the fly. 
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APIOCERIDAE, 

Apiocerids. 

Not found in Minnesota; only about twelve species known in the 
entire world. A small family ; the species found in the far West and 
in Australia and Chili. They are flies of considerable size, elongated, 
and frequent flowers. Aldrich lists seven species as occurring in 
North America. 

BOMBYLIIDAE, 

The Bee Flies. 

A populous family, many of the individuals common in Minnesota, 
and striking, in that they have a habit of hovering before blossoms, 
darting from one to the other with characteristic quickness, inserting 
their long proboscids (the Bombyliides division) into the flowers for 
the nectar and pollen contained therein. They are fond of bright 
sunshine, and are frequently seen resting on the ground in sunny 
places. They are, for the most part, medium sized, but some are small 
and some quite large. Some resemble in coloration small bees, the 
body being fringed with down, or partly covered with hair. Others, 
unlike these, are characterized by striking markings on their wings. 
One rather peculiar form found in Minnesota, Systropus macer (Fig. 
82), resembles somewhat a delicate wasp. 

The family is, to a certain 
extent, a useful one, in that the 
larvae of some species are para- 
sitic in the tgg sacks of grass- 
hoppers and locusts, and in the 
larvae and pupae of butterflies 
and moths, as well as some 
hymenopterous insects. Out of 
1,500 or more species occurring 
in this populous and widely dis- 
tributed family, about 460 are 
natives of North America. 
The following is a list of those met with so far in this state : Bom- 
bylius major, Linn., Fig. 85 ; B. pulchelhis, Loew ) B. (?) validus, 
Loew ; B. zarius, Fab. ; B, atriceps, Loew ; Spogostylum oedipus, Fab. ; 




Fig. 82. Systropus macer. About three 
times enlarged. Original. 
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S. limalulus, Say ; S. simson, Fab. ; Systoechus 7'ulgaris, Loew. ; 
Sparnopolius fuhus, Wied. ; Syslropus niacer, Loew ; Exoprosopa 
decora, Loew, Fig. 17, Colored Plate II ; E. capncina. Fab. ; E. fasciata, 
Macq.; Anthrax alternata. Say; A. ceyx, Loew; A. halcyon, Say 
A. sinuosa, Wied.; A. tegminipennis, Say; A. agrippina, O. S. 
A. fulviana. Say; A. lateralis. Say; A. consessor, Coq. ; A. hypotnelas, 
Macq. ; A. costata, Say ; A. fulvorhirta, Wied. ; A. fenestratoides, Coq. 
Argyramoeba oedipus. Fab.; Systoechus candidulus, Loew.; So. Dak. 
Phlhethiria sulphiirea, Loew ; Lugger speaks also of Systoechus areas, 
Fig. 83 in text, occurring in Minnesota among the egg masses of loctists, 
though we find no specimens in the collection. It is believed by many 



Fie. S3 and 84. Syslotchvs areas, imago and larva; b, head of larva from side; c, head from 
fiont; d. preanal spiracie. After Rile)'. 

that Bombyliids do not use their proboscids for anything but sipping 
nectar or gathering pollen, but the writer has been quite severely 
"bitten" by them, and his experience was duplicated by Dr. Lugger, 
who says, in discussing this useful parasite, on page 43 of the Third 
Annual Report, speaking of the above species: "This proboscis 
can be used for other purposes than sipping nectar, as the writer 
found out to his sorrow, when he attempted to catch some of them with 
his hand and succeeded. Violent pain, a swollen finger and added 
knowledge were other results of the catch not bargained for." He 
further says in the same connection : "Early in August these flies 
(S. areas) were exceedingly numerous, hovering in the air, and 
keeping their wings in such rapid motion that they cannot be dis- 
tinguished, and appear like a haze surroimding the body of the insects. 
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When disturbed these flies will dart away with wonderful speed, to 
remain stationary in the air in another spot. These bee-flies, although 
possessing a blackish grey ground color, are so densely covered with 
pale yellow hairs that this color is entirely hidden. This hair is so 
long that the outlines of the insects are obscured, and they resemble 
on this account, very small bumble-bees." 



Systropus macer, Loew, Lugger has reared from Limacodes in 
Minn. 

THEREVIDAE. 

Stiletlo-Flies. 

Possibly named from a fanciful resemblance to a stiletto; the 
head is somewhat broad and the abdomen long and tapering. They 
resemble somewhat some AsUids. We illustrate Thereva senex. Fig. 
86, and T. frontalis, Fig 15, Colored Plate I, both taken in Minnesota. 

The family is a small one, predaceous in the adult and larval 
forms upon insects in the young stage, probably feeding upon vegetable 
matter also ; the larvas of some species found in rotten wood. 

There are not more than 200 species of this family known over 
the entire world; of these 71 species occur in North America. 
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Minnesota species so far captured: Tkereia frontalis, Coq. ; 7*. 
senex, Walk. ; T. duplicis, Coq. ; Tkereva, sp. ; Psilocephala kaemorrk- 
oidalis, Macq. ; P. Hmata, Coq. ; P. mtinda, Loew. 



SCENOPINIDAE. 

The Window Flies. 

So called because very frequently found in windows, but, as Corn- 
stock very well puts it in his Manual, "the conclusion that these are 
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the most common flies found on windows should not be drawn from 
the name." House flies, various Anthomyiids, Sarcophagids, and 
members of various other famiHes, are commonly seen on windows, 
many of them, to the uninitiated, looking as though they belonged 
to the same species, although they may be representatives of diflferent 
families. We only have about ten Scenopinid species in North 
America. 

The adult flies of this family are black ; the long, slender larvae are 
found in decaying fungi and in wood. They are supposed to be carni- 
vorous. 

Scenopinus fenestraUs, Linn., is found in Minnesota. 

EMPIDAE or EMPIDIDAE, 
Dance-Flies. 

This is a large family, Aldrich giving 432 species as occurring 
in North America alone, and about 200 species are known in Great 
Britain. They are medium sized flies of dull colors, brown, gray or 
black. The legs are long, sometimes hairy, and most of the species 
have a pointed beak. They are predaceous, preying upon smaller 
flies and other insects, the female being particularly savage, and using 
her rostrum, or beak, for piercing and sucking her victims. They are 
also found on flowers. 

In one genus, Hemerodromia, the femurs of the front legs have 
spines against which the fore tibiae close. This contrivance evidently 
serves the purpose of a trap. The flies of this family are well referred 
to as "Dance Flies," since some species perform quite extensive aerial 
gymnastics, and are often seen in this act near shrubbery or over 
brooks. In these dances some are said to carry silken veils or nets. 
These webs or nets may assist in capturing other insects, and may also 
be of use in courtships. 

The following clipping from the Elgin (Minn.) Monitor probably 
refers to flies of this family. 

A SINGULAR PHENOMENON. 

A singular phenomenon was witnessed about town Tuesday afternoon 
when Frank Adams, who was sitting in his wheel chair on the lawn at his home, 
discovered that the air was literally full of delicate white silvery webs. He 
Called the ?^ttention of d, number of our citizen? to it, who witnegsed the ^^m^ 
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phenomenon. The tops of buildings and trees were literally covered, and 
fleecy white masses were seen floating in the air, hundreds of feet above the 
highest trees. 

By constant observation, Frank discovered that the air was infested by 
myriads of little flies, but with bodies much smaller than the bee, and of an ex- 
quisite pure downy white, and that these little insects were spinning millions of 
delicate silvery white webs, not only enveloping the earth, but filling the air as 
far as eye could reach with a silvery sheen. Frank captured a number ot the 
flies, but could find no one who could tell him anything about them. It is not 
infrequent to find the plants, trees and shrubbery, of a morning, covered with 
tiny spiders' webs, but to see the myriads of little flies spreading their delicate 
laces over the surface of the earth, is at least an interesting experience. 

The maggots are found in decaying vegetable matter, though it 
is possible they feed upon other animal matter found there. 

We have found the following species in Minnesota, which list, 
however, probably only represents a fraction of what occurs here: 
Hyhos, sp. ; Rhamphomyia, sp. ; Hilara, sp. ; Rhamphomyia luteiventris, 
Loew. ; R. debilis, Loew. ; R. irregularis, Loew. ; R. priapulus, Loew. ; 
R. pulla, Loew. ; ■ R. limhata, Loew. ; Hilara macroptera, Loew. ; 
Syneches thoracicus, Say ; S. pusillus, Loew ; Euhybus, sp. ; Syndyas 
polita, Loew. ; Empis nuda, Loew. ; E. otiosa, Coq. ; Platypalpus crassi- 
femoris, Fitch ; Platypalpus, sp. ; H enter odromia empiformis, Say ; 
H. ro gat oris, Coq. 

DOLICHOPODIDAE, 
The Long-legged Flies, 

Another large family, 380 North American species being listed by 
Aldrich. Great Britain claims over 200 species. Referring to the 
above scientific name, Comstock fittingly remarks : "It must be remem- 
bered, however, that these flies are long-legged only in comparison 
with the allied families, and not in comparison with crane flies and 
midges. They are rather delicate, slender insects, for the most part, 
with metallic coloring, golden or green, and the males of some of the 
genera characterized by the expansion of the feet, or antennae or other 
organs, which are probably to be regarded as ornaments used in 
courtship." 

Aldrich, in speaking of this family, and referring to the great 
variety and complexity of the sexual adornments of the males, says 
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that "probably three-fourths of the species offer well marked peculiari- 
ties that distinguish the males at a glance." In the American Naturalist 




for 1894 he describes the courtship of a species of Dolichopus, which 
he observed. It is so interesting, as throwing some light on the 
habits of this large family, and possibly upon the use of the adornments 
above mentioned, that we quote him in full : 

"I observed in September the maneuvers of the male in courting the 
female. He.would place himself directly in front of her, at a distance of about 
half an inch, with his face toward her. He would then rapidly vibrate his 
wings, holding them horizontally, at right angles to the body, and at the same 
time would give these fore feet an up-and-down motion, raising them simul- 
taneously above the level of the head and bringing them down with a shght 
force upon the ground, the movement recurring in a measured way in about 
half a second. This he would continue for some ten seconds; then, rising on 
the wing, he would swiftly make 3 small semicircle in the air and attempt to 
alight upon the female. In the large number of cases that I observed, he was 
always unsuccessful, the female hastily moving away a few inches, when the 
male would usually alight before her and repeat the movements just described. 
On account of the numbers engaged in this occupation on the same small 
area, I could not be certain that the same male always attended upon a given 
female; but there can be no doubt that the females are exceedingly slow to 
accept the males, for I saw the above maneuver repealed hundreds of times 
with the same result. 

"In company with the species just mentioned occurred considerable num- 
bers of a species of Hygrocelenthus, which I have referred to (Kans. Univ. 
Quarterly, II., 24) as a variety of H. crenatus, O. S. These were engaged in 
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a similar occupation. The male of this species has only plain tarsi, but diflfers 
from the female in having the antennal joints longer, the first two with coarse 
black hair, and the arista of the third short and heavily covered with black 
pubescence; the face is also longer, the wings broader, and the cilia of the 




Fig. 89. Ornamented tarsus of a Dolichopod. Original. 

tegulae, instead of being coarse and chiefly black, are fine and white. The 
male hovers in the air before the female at a distance of one or two inches 
occasionally making a slight darting motion toward her. In this position the 
peculiarities of his face and antennae are shown to the best advantage. The 
breadth of the wings is probably an advantage only in facilitating this hovering 
process, and the structure of the tegular cilia may possibly be accounted for 
by supposing that it is simply in compensation for the increased growth of the 
wings. This male, after hovering a few seconds, describes a semicircle in 
flight and attempts to alight upon the female as in the foregoing species, and 
with the same results. I observed the copulation only once, and then did nor 
see the preliminaries. 




Tj .101, 

Fig. 89a. Wing of Dolichopod. After Comstock. 

"In this connection the observations of Fr. Dahl (Zool. Anzeig., April, 
1^9) on another species of Dolichopus are of interest. I translate from a 
quotation in an article by Dr. W. M. Wheeler (Proc. Wis. Nat. Hist. Soc, 
April, 1889, p. 209), which mentions a somewhat similar habit in a gall-gnat 
(Asynapta antennariae, Wheeler). 

" 'The male species of fly, Dolichopus plumipes, possesses on first tarsal 
joint of the middle legs a beautiful, regular fringe, the purpose of which is not 
immediately perceptible, as the flattened hairs could not possibly serve to grasp 
the female. I have now observed the pairing of these insects, and am con- 
vinced that the structure serves as an actual ornament to the male, like the 
highly developed tail-feathers, etc., of a male bird. The male came flying up, 
and hovered for a time so close over the quietly resting female that the fringed 
tarsi hung down immediately before her eyes. After some time copulation 
was attempted, but the female at once showed unwillingness. Only after 
repeated attempts did he succeed in gaining her acceptance,' " 
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Individuals of this family are extremely abundant in this state, and 
offer an interesting group for study. Our species range in size from 




one-fifth to three-quarters of an inch in length. They are predaceous, 
usually found more abundantly in damp places where rank growth 
occurs, although many species are found in dry places, in flower 
gardens and elsewhere. The larvK live in putrifying vegetable matter 
or in earth ; some are found in sap under the bark of trees. Some of 
the larvK may be carnivorous. 

The following species have been taken in Minnesota: DoUchopus 
ovatus, Loew; D. itagetlitenens, Wheeler; Psilopodinus patibulatus. 
Say, Fig. ig. Colored Plate I ; P. scabinator, Loew. ; DoUchopus splen- 
didus, Loew. ; D. cuprinus, Wied. ; D. lobatus, Loew. ; D. bifractus, 
Loew ; D. ramifer, Loew ; Psilopodinus caudatus, Wied. ; P. sipho, 
Say; Agonosoma Ulipes, Loew; A. scintiUans, Loew; DoUchopus 
latipes, Loew, So. Dak.; D. dakotensis, Aid.; D. longimanus, Loew; 
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Pelastoneurus vagans, Loew, So. Dak.; Liancalus hydrophilus, Aid., 

So. Dak.; L. genualis, Loew; Scellus, sp.; Neurigona carbonifer, 
Loew. 

LONCHOPTERIDAE, 

Spear-winged Flies. 

Very minute, brownish flies, with apex of the wings pointed, sug- 
gesting a spear head. There are no cross veins in the wings. Al- 
though there is but one genus in 
this family, the individuals are com- 
mon, and to be seen all summer in 
damp places, along shady brooks 
and elsewhere. The maggots live 
on the ground under vegetable mat- 
Fig. 9i. wing^of ^a^^pear-winged Fly. ^-^j. Three spccics Only occur in 

North America. 

SYxRPHIDAE, 
Syrphus-Plies. 

This is an enormous and most interesting family ; over 700 known 
species occur in North America, and we list 56 species in Minne- 
sota. There are probably at least 3,000 species over the entire world. 
For the most part they are of moderate or large size, some of the 
Minnesota species being an inch or more long, while on the other 
hand some are quite small. Some are thickly covered with hair, and 
so marked as to bear a close resemblance to bumble bees; others so 
cleverly imitate honey bees or wasps, barring the absence of the 
second pair of wings, that the tyro is completely deceived. Black 
and yellow are the predominating colors, the abdomen being fre- 
quently banded with the latter color. 

They are found everywhere, in garden, field and wood, frequently 
seen darting from flower to flower or leaf to leaf, ready to oviposit 
amongst the plant lice found thereon, which lice later afford food for 
the Syrphus maggots hatching from the eggs. Or, as in the case of 
some species, they frequent the neighborhood of filthy water, their 
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larvae living in the filth of the barn yard or privy. Particularly is this 
true of Eristalis tciiax, whose larva is commonly known as the Rat- 
tailed Maggot, a name proposed by Reaumur years ago, and still 
retaine<l. This species lives in foul pools wherever decaying organic 



Fig. 91. A Syrphid larva feeding on • 
plant lice. Original. 

matter is present. In this maggot the so-called "tail" is a tube used 
in respiration, and capable of being extended to the surface of the 
water for that purpose. The adult Erislalis resembles a bee so closely 
that the ancients, seeing swarms of this genus coming from the putri- 
fying carcasses of oxen, believed that bees could be produced from such 
dead bodies. Ovid, Virgil and other ancient writers, by their works, 
gave color to this belief, but Florentinus, a Byzantine author of 
about the tenth century A. D., gave the most explicit directions for 
producing bees from such sources, and Osten Sacken translates his 
statements as follows : 

"Build a house, ten cubils high, with all the sides of equal dimensions, 
with one door and four windows, one on each side; put an ox into it, thirty 
months old, very fat and fleshy; let a number of young men kill him by beat- 
ing him violently with dubs, so as to mangle both flesh and bones, but tak- 
ing care not to shed any blood; let all the orifices, mouth, eyes, nose, etc., be 
stopped up with clean and fine linen, impregnated with pitch; let a quantity 
of thyme be strewed under the reclining animal, and then let windows and 
doors be closed and covered with a thick coaling of clay, to prevent the access 
of air or wind. Three weeks later let the house be opened, and let light and 
'resh air get access to it, except from the side from which the wind blows 
strongest. After eleven days you will find the house full of bees, hanging to- 
gether in clusters, and nothing left of the ox but horns, bones and hair. When 
the shed is opened, small white animalcules are seen, resembling each other, 
motionless; then they are observed to grow little by little, to develop wings. 
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and to take the color of bees; the wings are at first short and tremulous, unfit 
for flight; the limbs are weak; finally, desirous of flight, the insects start and 
knock against the windows, pushing each other." 

Virgirs description of the process is very similar. The chamber 
to be built must have four windows ; a young ox is to be slain and his 
flesh pounded without shedding of blood ; thyme and cassia are to be 
strewed. The words "tnmca pedum primo" (with stumps of feet) 
apply exactly to the larva of Eristalis. Wasps and hornets were simi- 
larly supposed to proceed from the carcasses of horses. Osten Sacken 
attributes this belief to the swarming of the bee-like bot-fly of the horse 
(Gastrophilus equi) about horses. The belief would be strengthened 
by the occasional productions of the wasp-like Helophilus (a close 
relative of Eristalis) from carcasses of the horse, though any other 
dead bodv would do as well. 




on 





Fig. 94. Wing of Syrphid, showing 
spurious vein, which characterizes this 
family. After Comstock. 



Fig. 95 and 96. Microdon tristis and pupal 
case. Original. 



And yet even these species, when adult, are frequently found upon 
flowers. The maggots of one species live in the nests of bees and 
wasps, possibly, it is thought, living upon the excrement of the larvae 
of bees and wasps, and thus rendering the latter a service. The 
maggots of the genus Merodon live in the bulbs of narcissus. The 
larvae of the genus Microdon live in ants' nests. These maggots 
{Microdon) are so unlike other dipterous larvae in their appearance 
that when first discovered they were supposed to be little molluscs. 

We have illustrated freely in this interesting family, and reference 
to Colored Plates I and II, and to the various figures in the text will 
give one a good idea of the appearance of these useful flies, useful in 
that the larvae of very many of the species consume large numbers of 
plant Hce, one of the worst enemies of the agriculturist and gardener. 

The larvae are soft-bodied creatures, sometimes green or brown, 
or variously marked, seen lying amongst a colony of aphids, or plant 
licej on rose bush, spirea, turnip, cabbage, or a host of other useful 
and ornamental plants, and with the anterior part of their bodies so 
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constructed that they spear their prey, as it were, sucking their body 
juices and thereby destroying hundreds of these troublesome pests. 



Fig. 97. AlhgTQpla Bbliqaa, imago, larva and pupa. Lugger. Not coll«ted in Minnesota, 

We have at the Experiment Station a large number of pinned speci- 
mens of this family, so common in this state, representing the following 
Minnesota species : Chrysochlamys croesus, O. S. ; Criorhina in- 
lersistens. Walk.; C. verbosa. Walk., Fig. i8, Plate II; Brachypalpus 
frontosus, Loew ; Syritta fipiens, Linn. ; Serkomyia, sp. ; Erislalis 
dimidiatus, Wied. ; B. aeneus, Scop. ; U. tenax, Linn., Fig. 9, Plate 
I ; B. meigenii, Wied. ; E. inomatus, Loew, Fig. 9, Plate II ; E. 
occidentalis. Will.; B. montanus, Will.; JS. hirtus, Loew; E. bastardii, 
Macq. ; B. Havipes. Walk., Fig. 16, Plate I; E. transversus, Wied.; E. 
latifrons, Loew., So. Dak. ; Helophilus simtlis, Macq. ; H. conostoma. 
Will. ; H. chrysostoma, Wied. ; H. latifrons, Loew., Fig. 1 1, Plate I ; Mi- 
crodon tristis, Loew. ; M. fuscipennis, Macq. ; Chilosia tristis, Loew. ; 
Chilosia, sp. ; Paragus bicolor, Fab. ; P. tibialis. Fall. ; Chrysogaster put- 
chella. Will.; Melanastoma mellinum, Linn.; M. coerulescens. Will.; 
Platychirus quadratus. Say ; P. hyperboreus, Staeg. ; Syrphus arcuatus. 
Fall.; S. ribesii, Linn.; S. grossulariae, Meig. ; S. amalopis, O. S. 
S. americanus, Wied. ; S. diversipes, Macq. ; S. xanthostoma. Will., So. 
Dak. ; Sphaerphoria, sp. ; S. cylindrica. Say, on cabbage aphis ; Meso- 
gramma marginata. Say. ; M. geminato. Say. ; Xylota ejuncida, Say. ; 
X. pigra, Fab. ; X. vecors, Loew ; Chrysotoxum derivatum. Walk. ; 
Chrysotoxum, sp.; Temnostoma alternans, Loew; Fig. 11, Plate I; 
r. aequalis, Loew; SpHomyia quadrifasciata, Say; Trophidia quad- 
rala. Say, So. Dak. ; Pipesa pulchella. Will. ; Neoascia globosa. Walk. ; 
Rkingia nasica. Say; Triodonta curv'ipes, Wied.; Spilomyia fusca, 
Loew; Mallota posticata, Fab. 



DIPTERA OF MINNESOTA. 
PIPUNCULIDAE, 



«-eyed Flies. 

These are very small flies which 
frequent shady places. The more 
common forms measure about one- 
eighth of an inch in length. They 
have large heads, mostly composed 
of the large approximated eyes. 
The head is broader than the 
thorax, and the wings project be- 
yond the posterior end of the ab- 
domen. They can be collected 
upon low plants. Aldrich lists only 35 species as occurring in North 
America, all contained in three genera. In Great Britain there are 
about twelve species. The larva?, as far as they have been studied, 
are parasitic upon bugs. 

Pipuncuius elegantulus, Will. ; has been taken in Minnesota. 




98. A BiR-eytd Fly, Pipuaciilus fus. 
ger. Not coLlecled in Minnesota. 



PLATYPEZIDAE, 



Flat-footed Flies. 



Our illustration shows why these 
flies have the above name. We 
have reared the imago from larvEe 
found in decaying mushrooms. 

The adults are seen flying about 
in shady places, and on the leaves 
of plants in such situations. The 
family is not rich in species. Aid- 
rich lists nineteen for North Amer- 
ica ( 1904) , and Great Britain 
claims four genera and nearly a 
score of species. 

Platypeza, sp., occurs in Minne- 
sota. 
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PHORIDAE, 
Hump-backed Flies. 

The appearance of these small dark flies is well shown in Fig. 
I GO. They are particularly striking on account of their rounded 
thorax — "hump-back" — and peculiar venation of their wings. This 
hump-backed appearance is in part due to the fact that the head is 
lower than the rest of the body, being almost under the anterior part 
of the thorax, as shown in our illustration. They are observed in 
swarms in the air, upon fallen leaves, and occasionally on windows, 
though on account of their minute size they are not readily observed 
by other than an entomologist. We found them in large numbers 
in gardens in June on the so-called "Ash-leaf spirea." The larvae live 
in decaying animal and vegetable matter, and are said to attack even 
living insects. 

Sixty-four species are credited to North America (Aldrich, 1904). 
Members of the family are said to be abundant in Europe. 








Fig. 100. A Phorid, Conicera atra. Original. 

We have taken in this state: Conicera atra, Meig. ; Aphiochaeta 
nigriceps, Loew. 

CONOPIDAE, 

Thick-headed Flies. 

The flies in one division of this family have slender abdomens, 
and head broad transversely, resembling petioled wasps quite decidedly. 
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There arc at this writing only about 78 known North Ann 
species in the entire group. The family is especially interesting on 
account of the peculiar habits of tbe larvfe of some of the species, 
regarding which there is much to be learned. These larvfe live 
parasitically in the interior of wasps, bees and locusts. One observer 
claims that he has seen the adult flies follow humbly bees and alight 
upon them for the purpose of oviposition, and it is supposed that the 
larva, upon hatching, bores its way into the body of the bee. Some 
naturalists have believed that it is in the nests of the bees and upon 
the larvae and pupie that the eggs are laid. This theory, however, 
is hardly to be entertained, since they have never been reared from the 
larvK or pup», though frequently bred from the imago. Members 
of the genus Conops have emerged from the body of a bumble bee 
several months after the death of the latter. The larvse of those which 
infest bees are large, one, when full grown, occupying almost all of 
the space in the abdomen of the bee parasitized. 



We have taken in this state: Myopa clausa, Loew., Fig. 5, Plate 
II ; M. vesiculosa, Say. ; M. pilosa. Will. ; Physocephala affinis. Will. 
P. furciliata. Will.; P. marginata. Say; Oncomyta abbreviata, Loew. 
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MUSCIDEA. 

The families of flies in the following pages, while they agree in 
certain characteristics which formerly united them in one family, 
Miiscidae, at which time many of them were regarded as syb-families, 
have latterly been given family rank. While they differ from each 
other in certain characteristics, which present-day entomologists for 
the most part regard as sufficient to establish the separate families, 
they agree in the following common character: The antennae are al- 
ways three- jointed, and always (with the exception of one genus, where 
it is absent) with an arista, the palpi are never jointed; pul villi always 
present; empodia wanting; alulets well developed. 

BORBORIDAE. 

A family of about twenty-four North American species. The 
smallest one in our collection, Limosina, whose larva lives in algae, 
fungi, diseased potatoes, etc., is extremely minute, while Borborus 
is nearly or quite half an inch in length. 

These are brownish flies, found frequently in swarms about de- 
composing organic matter, the larvae of some of the species living in 
such material; sewage, or dung, for example. 

We have taken in Minnesota: Borborus equina, Fall.; B. gcni- 
culata, Meig. ; Limosina, sp. 

AGROMYZIDAE. 

Very small flies, about 92 species in North America, the larvae 
of some of the species feeding on plant lice. Other larvae have been 
found in galls. 

Species taken in this state are : Agromyzaneptis, Loew. ; Ochthiphila 
poly stigma, Meig. 

GEOMYZIDAE. 

A small family of small sized species. Sixteen are known in North 
America (1904). As far as known the larvae live in the stems of 
plants, and the adults are sometimes captured when using the beating 
net upon plants and shrubbery. 
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OSCINIDAE. 

Minnesota has occasion to know these flies, for in the family are 
two wheat pests, wliich at times make their presence unpleasantly 
known within the confines of our state, anti which have long been injur- 
ious to wheat, rye and barle\' in Europe. I refer to the Frit Fly, 



Oscinis soror, Macq., Fig. 102, and the Wheat Stem Maggot, Merotnysa 
americana. Fitch, Fig. 103. The first of these, well shown in the 
illustration, and quite troublesome here in 1892, prevents the filling 
of the heads, and hy working in the stem in the maggot stage so 
weakens it as to allow it to bend, thus bringing the heads upon or near 
the ground. This injury is first seen about the time the head begins to 
form. The part of the stem above the first or second joint generally 
wilts at that time, if affected, and bends over. Minute worms may 
be found in the early stage of the trouble, causing this weakening by 
their presence in the straw just above a joint. These are the larvse 
of the Frit Fly, and are shown in the illustration at (b). If, however, 
the examination of these stems be delayed until late, one finds not the 
larva, but the puparium (c), which is the hardened and browned 
skin of the larva, and contains the pupa or larva (October). Some- 
times three or more of these ptfljaria are found together. They are 
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brownish and much resemble the puparia of the Hessian Fly, treated 
of elsewhere in this report. For this reason, but more particularly 
from the fact of the bending or breaking of the stem, this insect's 
work is sometimes mistaken for that of the Hessian Flv. However, 
it has been the observation of the writer that the Hessian Fly in Minne- 
sota out-numbers the Frit Fly 10,000 to i, and hence this mistake is 
not often made. As far as we know, this pest passes the winter as 
a pupa in the stem in the stubble field, and hence the same remedies 
would apply here as in the case of the Hessian Fly. If a farmer has 
reason to suspect the presence of this pest in his stubble field, by noting 
bent straws left by the reaper, he need only split the straw with a 
penknife to the joint just below the bending to settle the doubt, for 
if this insect has caused the bending, the puparium will be seen at the 
joint and inside the stem, the interior of the stem being generally dis- 
colored also. Whereas, in the case of the Hessian Fly, which causes 
the same injury, the puparium, or **flax seed," will be found outside 
the stem, between it and the sheath. 

The name "Frit Fly" is given to this insect because Swedish 
farmers apply the term "frits" to wheat rendered worthless by its 
attacks. 

As mentioned above, this fly caused considerable damage in Minne- 
sota in 1892. Like other pests of similar habits, it appears in increas- 
ing numbers at one period, and then almost disappears, to occur again 
later. 

The second wheat pest referred to, Meromyza americana, is 
reported to the Experiment Station from time to time. In 1895 ^^ 
was reported numerous in the Red River Valley, and at points in 
central and eastern Minnesota. In 1896 it was also present in con- 
siderable numbers. In that year, too, it was common in the wheat 
at the Experiment Station farm. On affected grain, the heads, instead 
of filling normally, turn white, and are called "white heads" or "bald 
heads." 

Fitch described this insect in America as early as 1855, but 
existing records indicate that it was known as a wheat pest in Pennsyl- 
vania as early as 1821. Webster and Forbes worked up this insect 
a number of years ago, in Ohio and Illinois, and claimed at that time 
three annual broods for each state, with the probability of more in 
states farther south. In Minnesota where we have but little fall 
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sown wheat, practically none, its life history may vary from that given 
for the two above-named states. Prof. Lugger, in his First Annual 
Report, handles the subject so nicely that we quote him in full: 

"According to the accounts given by the above-named entomologists, the 
flies found in the wheat fields in September and October deposit their eggs 
upon the young plants of winter wheat; the young maggots make their way 
downwards, feeding upon the central part of the stem near the surface of the 
ground, and cutting this off entirely, cause it to die. In these positions the 
maggots hibernate, appearing again as adults in spring. These flies of the 
first brood again deposit eggs, the maggots of which in time destroy the stems 
lust above the upper joints. After killing this upper part of the plants, an- 
other brood of flies, the second generation, appears, which emerge in July 
and deposit eggs in volunteer wheat or grass. From these maggots a third 
brood is produced, which develop into flies the same autumn, and deposit 
eggs upon the young plants of winter wheat. How many broods of this insect 
may be produced in Minnesota is not known. Only one thing is certain, and 
that is that their life history must be quite different in a region where volunteer 
wheat is a very uncommon thing and where winter wheat is never grown. 
It is true we have in such regions a number of grasses that might possibly 
give this insect a shelter, as it is known to attack elsewhere, besides wheat, 
such grasses as wild rye, blue-stem, poa and even green pigeon grass. Per- 
haps this may be the case, though none of the wheat stem maggots have thus 
far been found here in such grasses. Here, at the Experiment Station, the 
flies issued from material kept in breeding cages from July 22d till August 4th. 

"The illustration shows three straws of wheat infested by the maggot. It 
shows also the pupa resting inside an open stem, and the injury caused by the 
maggot. A fly, natural size, is resting upon one of the straws. Larva, pupa 
and adult, greatly enlarged, are also shown. From many of the stems, instead 
of flies, parasites issued, showing that, notwithstanding the hidden life led by 
these maggots, their enemies can find them. 

"The adult flies, about one-eighteenth of an inch long, are of a pale yellow- 
ish-green color. The large head is marked with a triang^alar black spot at base, 
inside of which are located the three simple eyes. The large compound eyes 
possess in life a beautiful bronze color. The thorax is marked with three 
longitudinal bands. The abdomen is also ornamented with three longitudinal 
bands, which are interrupted at the sutures, but more or less confluent toward 
the posterior end. The color of the under side of the fly is uniformly yellowish 
green, excepting two triangular spots on each side above the posterior and 
middle coxae. The legs partake of the same general color; the thighs are 
slightly darker, and the tibiae and tarsi dusky. The h'.nd pair of thighs are very 
much swollen, and are provided on the under surface with two rows of small 
spines. The hind tibiae are very strongly curved. The two large basal joints 
of the antennae are yellowish. 

"The eggs of the American Meromyza are glistening white, with longi- 
tudinal ridges, the space between the ridges is faintly recticulated. They ar*' 
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Fig. 103. Wheat infested with Whsat Stem Maggot. Pupa also shown inside stem. Maggot, 
pupa and imaeo enlarged, A parasite of the Wheat Stem Maggot sliown on left 
near botlom. Lugger. 
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very elongated, being .023 of an inch long and .005 of an inch broad. 

"The larva or maggot is very pale green and very slender, being about 
one-quarter of an inch long by one-thirty-seeond of an inch wide. Its head 
is provided with a pair of black toothed hooks. The covering of the apparent 
pupa is simply the shrunken larval skin, which protects the true pupa forming 
inside. As soon as the real pupa is formed it becomes visible through the 
transparent larval skin, and is seen to be also of a pale green color. It is about 
one-sixth of an inch long and about one-thirteenth of an inch broad. As 
the imago is formed inside the pupa, the eyes, wing-pads and legs become 
apparent. 

"A careful comparison has convinced me that the insects bred from Min- 
nesota wheat straw are identical with those bred from eastern and southern 
straws, and that the fiies vary among themselves to a sufficient extent to ac- 
count for extreme differences that may occir." 

The reader must not suppose that these are the only flies found 
in this family, nor that all the flies occiiring^ therein are wheat pests. 
Such is by no means the case. Aldrich in 1904 lists about 135 species 
of Oscinids in North America, the locality from which specimens were 
secured indicating a wide range over this country. 

They are all small flies and quite common. A locally abundant 
fly of this family, Oscinis pallipes, Loew., commonly known as "The 



Blood-sucking Oscinis," is curious, in that it so markedly departs, 
in its adult stage, at least, from the habits of its vegetarian congeners 
as well as its other family relatives. It is very small, black, with 
yellow face and legs (see Fig. 104,) where the line below the insect 
shows the exact size of the fly, and its expanded wings. This fly in 
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June, July and August is sometimes very abundant in localities, and 
attacks horses, cattle, dogs and man, sometimes causing large sore 
spots on stock as a result of its work. In all the drawings in this 
report where hair lines occur, these lines indicate the natural size of 
the insect. 

Hippelates Uatipes, Loew., which Aldrich regards as the same as 
the above described Oscinis pallipes, Loew, is dealt with at some length 
in entomological hterature. Schwarz writes ("Insect Life," Vol. VII) 
of "The Hippelates Plague in Florida," mentioning the fact that the 
adults annoy people, dogs, etc. Howard, in "Proceedings of Washing- 
ton Academy of Science," Vol. II, page 590, says they occur on 
human excrement, and perhaps carry putrefactive germs to open 
wounds, inducing blood poisoning. 

We have taken in Minnesota: Oscinis soror, Macq. ; 0. pallipes, 
Loew.; Meromyza americana. Fitch; 0. carbonaria, Loew.; 0. 
(rigromwHi, Loew. ; 0. coxendix,V{ic\i; 0. rforjafo, Loew. ; Hippelates 
convexus, Loew. ; Chlorops assimHis, Macq. ; Siphonella cinerea, Loew., 
S. Dak. 

DROSOPHILIDAE 
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Tiny plump flies, many of the species appearing in large numbers 
about decaying or fermenting fruit. The pomace about cider mills 
attracts these flies ; in fact, some writers speak of the family as "Pom- 
ace Flies." The larva? of many of the species live in decaying fruit. 
One of the largest in our collection is Drosophila busckU. It is of 
a smoky color, anrl about one-sixth of an inch in length. 

Seventy-nine species, according to Aldrich, are found in North 
America. Drosophila sigmoides, I.oew ; D. ampelophila, Loew ; 
D. funebris, Fab.; and D. btisckU, Coq. ; have been taken in this state, 
the first being reared from pup;e found in the froth of Clastoptera, 
on hazel leaves, according to C. N. Ainslie. D. busckii was reared 
from rotten potatoes. 

EI'HYDKIDAE. 

Of moderate size, dark colored flies, some quite small. Min- 
nesota species in the collection range from one-fourth to one-half 
inch. The family, for the most part, is found in wet, marshy places. 
Some of the adults are characterized by having strikingly large 
heads. "Rat-tailed" larvae are found among some of the species 
of this family, as among the Byrpliids, and the larvae generally are 
found in water, in the stems of aquatic plants, in the sap of trees, 
amongst the cells of the leaves of Lemna. Alisma, etc. The genus 
Ephydra is particularly interesting from the fact that its larvs are 



aquatic, frequently found in enormous numbers, and are useful from 
Standpoint. An account by Prof. W. H. Brewer, 
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given S. W. Williston, and published by the latter in his "North 
American Diptera/' is well worth repeating here : 

"The waters of Lake Mona are clear, very heavy, have a nauseous taste, 
and when the lake is still has a look as of oil and is not easily disturbed. The 
water feels slippery to the touch, and will wash grease from the hands or from 
clothes cold more readily than common soapsuds will when hot. It is said 
that no fish or reptile lives in it, but it swarms with countless millions of larvae 
that develop in flies which rest upon the surface of the water, as well as 
cover everything on the immediate shore. The numbers and quantities of 
these flies and larvae are absolutely incredible. They drift up in heaps along 
the shore and hundreds of bushels could be collected. They only grow at 
certain seasons of the year, and then Indians come from far and near to gather 
them for food. The larvae or pupa are dried in the sun, the shell rubbed off 
by hand, when a yellowish kernel (pupa) like a small yellowish grain of rice 
appears. This is oily, very nutritious, and not unpleasant to the taste, and 
under the name of koo-cha-bee (so pronounced) forms a very important ar- 
ticle of food. The Indians gave me soime of it. It does not taste badly, and 
if one were ignorant of its origin, it would make nice soup." 

Of another species, Ephydra hians, which is abundant in Lake 
Texcoco near the City of Mexico, Prof. Penafiel has the following to 
say, also published in the work above cited : 

"It is of the egg's of this insect that the greater part of what is known as 
Ahuatle is composed, and which is now used by the natives who have pre- 
served the customs of the ancient Aztecs. The eggs are cleaned and pounded 
into flour, and are prepared by mixing with hens' eggs, and fried with fat 
into small cakes. The larvae are also used for food under the name of Puxi." ' 

We have specimens of the above species, Ephydra hians, Say, 
taken in the Red River Valley, Minnesota. Aldrich lists 145 species 
of Ephydridae as belonging to North America. The following are 
Minnesota species: Ephydra hians, Say.; Parydra bituberculata, 
Loew. ; Paralimna appendiculata, Loew., So. Dak. 

DIOPSIDAE. 

Only one species known in this country, and none in Europe. The 
adult presents a most peculiar appearance, in that the sides of the head 
are produced to form a long process on either side, bearing eyes and 
antennae, Our illustration is that of a South African species, where 
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apparently these bizarre looking creatures are more common than with 



Aldrich, in speaking of the only species known to occur in North 
America, Sphyracephala brezicornis. Say, says that in the midsummer 
of rgoi he found it by the' hundreds upon foliage in one of the shady 
glens adjoining the campus of Cornell University, Ithaca, N. Y. He 
further states that there is nothing to show that the larva has anything 
to do with the skunk cabbage, as intimated by Comstock. Kellogg, and 
possibly other American writers. 

Sphyracephala brevicornis is found in Minnesota. 

SEPSIDAE. 

Small, blackish flies with irridescent wings. They live in decay- 
ing cheese, ham, vegetables, or excrement, about which the adults 
are frequently seen. Aldrich refers to the adults of Themira putris. 
attending plant lice on cottonwood in abundance. A correspondent 
in Olmstead county, Minnesota, referring to observations made last 
summer, writes us as follows: "Flies of this family were very numer- 
ous in corn fields, especially in the vicinity of hills that were infested 
with aphis. They are very active and are continually doing a 'cake 
walk,' as they promenade up and down the com leaves, pluming them- 
selves occasionally, and they showed little fear, allowing themselves 
to be taken by inverting a vial over them." 

The "Cheese Mite" or "skipper," of which we show an illustration 
of the adult. Fig. 109 is a good illustration of this group. The act 
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of "skipping*' which characterizes 
the cheese mite larva is performed 
by the maggot seizing the posterior 
part of its body, with its mouth 
armature, pulHng hard and sudden- 
ly releasing its hold. In this way 
it can "jump" quite a distance. 
This insect has caused packers pe- 
cuniary loss by infesting bacon and 
ham. The adults of this family 
are active flies, both when using 
their legs and in flight. Aldrich 

(1904) gives 29 species as occurring in North America. 

Taken in Minnesota: Sepsis violacea, Meig. ; Themira putris, 

Linne. ; Piophila casei, Linn., So. Dak. 

MICROPE^IDAE. 



Fig. 109. Piophila casei, fly which produces 
the Cheese Mite or "Skipper." Original. 




Fig. 110. Calobata antennipes. Lugger. 
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Fairly good sized flies, with long, very slender legs, the latter 
characteristic seemingly implied in the family name. Aldrich, in his 
"North American Diptera" (1904), lists nine genera, containing sixty- 
four species, but of this number several are of doubtful occurrence. 




Fig. 111. Calobata univitta. Original. 

Calobata univitta, Walk.; and C. antennipes, Say; are the only 
species so far secured by us in this state. We give two typical illus- 
trations of members of this family. C antennipes waves its fore 
feet about like antennae. 

PSILIDAE. 

Moderate sized flies whose larvae, as far as known, live in the roots 
or galls of different plants. Twenty-four species occur in North 
America (1904). 

ORTALIDAE. 

A family of about 150 species in North America, characterized in 
many instances by their grotesque form and by striking wing mark- 
ings. Minnesota specimens in our collection are brown or gray, 
with mottled wings. Pyrgota is nearly an inch long, while Rivellia 
is much smaller. The adult flies are generally found in the long grass 
pf rn^adows, Biit Httl^ is known of th^ l^rv??, 
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We have taken in Minnesota : Rxvellia pallida, Loew. ; R. viridulans, 
Desv. ; J?, boscii, Desv. ; Tetanops integra, Loew. ; Chaelopsis aenea. 



Fig. US. Pyrgota valiiia. Originat. 

Wied. ; Pyrgota undata^ Wied., Fig. i, Plate II; P. valida, Harris; 
Seoptera zibrans, Linn. 

TRYPETIDAE. 

This family contains some gall makers, notably Eurosta (Trypeta) 
solidaginis. Fig. 2 Plate I, which produces the familiar round gall (not 



Fig. 113. Rhagomis (.Tryfela) fomonella. The Apple-Maggol Fly. Original. 

the elongated gall, which is made by a moth) on the stems of the 
golden rod. The larvse of other species, according to Williston, 
piine in the leaves of Rumex, Senedo, Arctium, or live in the berries 
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of Solanum caroHnensis; in the fruit of Pruniis, Lonicera, etc. ; other 
larvae in the blossoms and in galls on the stems or roots of various 
ComposittE; others in the galls and roots of Achillea the flowers of 
Hieracium, etc. The larvae of one genus live in oranges and lemons. 

There are over 200 species of this family in North America. They 
are very numerous, for the most part small, brownish, with markedly 
mottled, or curiously marked wings. The largest species in our 
collection is Trypeta diffusa, about two-thirds of an inch long. 

Minnesota species so far taken : Straussia longipennis, Wied., Fig. 
5, Plate I; Oedaspis polita. Loew; Rhagoletis pomoneUa, Walsh; 
Camptoneura picta. Fab. ; Oedaspis atra, Loew. ; Buaresta f estiva, 
Loew.;£. bella, Loew.; Acidia sttazis, Loew.; Buaresta aequalis, 
Loew.; Carphotricha (Paracatttha) culta, Wied.; Spilographa Havo- 
Ho/oid, Macq.; S. diffusa, Snovj; Eurosta solidaginis, ¥itcb. We illus- 
trate {Fig. 113) the fly whose maggots tunnel in apples. 

SAPROMYZIDAE. 

For the most part small flies, though Palloptera superba, Loew., 
a yellowish species, with wings strikingly marked with black, taken in 
this state, is nearly half an inch long. As the name indicates, these 
flies frequent decaying vegetable matter, in which the larvas breed. 
One species was bred from the Sower stem of an orchid ; one was reared 
from human excrement ; the larvEe and pup?e of another was found 



in decayed wood. Aldrich lists 103 North American species. We 
have secured in this state : Lauxtnma cylivdricoruis. Fab. ; Sapromysa 
vulgaris. Fitch ; Palloptera superba, Loew. 
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RHOPALOMERIDAE. 

This very rare and little known family probably does not occur 
in North America, though Williston, in Entomological News, Vol.. 
VII, page 185, reports a genus belonging to this family from this 
country. Aldrich, in his "North American Diptera" (1904), gives 
three species, but one is from Yucatan and two others from Mexico. 
Members of the family probably frequent damp places in regions 
where they are found. 

HELOMYZIDAE. 



Fig. UE. Leria pubesciits. Original. 

Specimens of this family in our collection are dark colored, measur- 
ing about one-half inch in length. We have found the following in 
Minnesota. Lena pubescens, Loew. ; L. serrata, Linn. 

LarvK have been reared from bat and rabbit dung, and one species 
from decaying wood. Some maggots are found under the bark of 
trees. Some species of this family are said to live in burrows. 

Aldrich gives forty North American species, coming from Hudson 
Bay, Nova Scotia, White Mountains, Mexico, California, Missouri 
River, Montreal, etc. 

HETERONEURIDAE. 

No representatives in Minnesota, as far as known to the writer. 
The larvse are found in decaying wood, under the bark of trees, 
etc. They, like cheese skippers, have the power of leaping. 
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Aldrich lists fourteen North American species, but six of these 
are from the West Indies, and at least four others are of doubtful 
authenticity. 

SCIOMYZIDAE. 

These are brownish black or yellowish flies, sometimes with 
strikingly marked wings, found in moist localities, such as meadows 
or along the banks of streams. The larvae are aquatic. Some of the 
species are minute in size, and others, like Tetanocera plumosa, are at 
least two-thirds of an inch long. Aldrich lists 64 species in North 
America, secured in the White Mountains, Canada, Alaska, Middle 
States, Texas, Nova Scotia, New Mexico, New York State, Connecti- 
cut and elsewhere, showing the family to be of general distribution. 
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EXPLANATION OF PLATE IL 

(Figures are natural size unless otherwise stated.) 

Pyrgota undata, Wied., Ortalidce. 

Coenomyia ferruginea, Scop., Leptidce. 

Pachyrhina ferruginea, Fab., Tipulidce. 

Sargus decorus, Say, slightly enlarged, Stratiomyidcc. 

Myopa clausa, Loew, slightly enlarged, Conopidce. 

Tachina robusta. Town., slightly enlarged, Tachinidce. 

Tabanus giganteus, De G., Tabanidce. 

Stratiomyia discalis, Loew, slightly enlarged, Siratiomyidce. 

Eristalis inornatus, Loew, slightly enlarged, Syrphidcc. 

Dasyllis sacrator. Walk., slightly enlarged, Asilidce. 

Temnostoma alternans, Loew, slightly enlarged, Syrphidcc. 

Chrysotoxum sp., slightly enlarged, Syrphidce. 

Plecia heteroptera, Say, slightly enlarged, Bibionidce. 

Chironomus sp., slightly enlarged, Chironomidce. 

Mydas clavatus, Drury, Mydaidce. 

Bombyliomyia (Hystricia) abrupta, Wied., Tachinida. 

Exoprosopa decora, Loew, slightly enlarged, Bombyliidce. 

Criorhina verbosa, Walk., Syrphidoe. 

Nemotelus uliginosus, Linn., twice enlarged, Stratiomyidcc. 

Euparyphus bellus, Loew, twice enlarged, Stratiomyidcc. 

Laphria sericea. Say, Asilidce. 
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PLATE II. SOME MINNESOTA FLIES. 
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Minnesota species so far secured are as follows : Tetanocera 
umbrarum, Linn.; T. plumosa, Loew. ; Sciomysa nana, Fall., So. 
Dak.; Sepedon armipes,'L,oew.; So. Dak. ; S. fuscipennis,L,oew. 

PHYCODROMIDAE. 

Of rare occurrence in North America. Members of the only genus 
we have here are said to be found abundantly in seaweed and other 
algse thrown up by the waves along the sea coast. The two species 
given by Aldrich as occurring in North America were secured in 
Massachusetts and in Alaska. 

SCATOPHAGIDAE^SCATOMYZIDAE. 
Dung Flies. 

These are the brownish or yellowish flies seen commonly in pas- 
tures and elsewhere about cow dung, though they are also said to feed 
upon insects which they capture. As might be supposed, the larvae of 
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some of the species are found in cow dung, some, S. furcata, in the 
excrement of swine, and others in the stems of plants. The larva of 



Fig. in. Scatophaga furcaU, one of the Do.^ Flies. OriginaL 

S. stercoraria, a practically cosmopolitan species, "lives everywhere 
in the excrement of human beings, in that of the horse and of cows." 
Aldrich lists 118 species as having been taken in North America. 
Minnesota species as far as secured are : Cordylura confttsa, Loew. ; 
C. varipes. Walk. ; C, variabilis, Loew. ; Scatophaga furcata, Say ; 
S. stercoraria, Linn. 

ANTHOMYIDAE. 

A large family (over 300 species in North America) of very 
common flies, blackish or grayish for the most part, containing, by the 
way, some important pests, notably the Cabbage Maggot Fly, the 
Onion Fly, etc. One variety mines the leaves of beets. Many species 
of this family resemble superficially the common bouse fly, and are 
frequently mistaken for them. The student, however, can readily 
tell them from house flies with the use of a lense, for in Anthomyids 
the first posterior cell is widely open near the apex of the wing, while 
in the house fly the same cell in much narrowed, almost closed. 

Anthomyids are not at all uncommon inside of the house on win- 
dows. They are among our most abundant flies, found almost every- 
where, in garden, field, woods and meadows. 

The Cabbage Maggot, which is the larva of Phorbla brassicae, 
mines in the roots of cabbages, cauliflower and radishes, and has caused 
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a loss of thousands of dollars to market gardeners in this state alone. 
The fly has the characteristics of others of this family, and can be 
found abundantly during parts of the summer in fields of cauliflower 




and cabbage. The leaves of a plant seriously affected wilt down, 
and examination of the roots at this time will disclose the presence 
of numerous maggots. We have been working with this pest during 
the past summer, and find that an emulsion made of crude carbolic 
acid, together with certain cultural precautions, promises well as a 
means of prevention. This pest is of such importance that a special 
publication regarding it and remedies for it will be issued by this de- 
partment later. 

The maggot boring in radishes is identical with the cabbage 
maggot, as is the maggot found "in turnip, winter cress, hedge must- 
ard, celery and doubtless other plants" (Chittenden). The Onion 
Maggott we have not found in Minnesota as yet. It is a close relation 
to the cabbage maggot, and the work of this maggot causes a yellowing 
and wilting of the leaves of the onion plant. 

The Bean Maggot, the larva of another Anthomyid fly (see Fig. 
119), is also sometimes troublesome here. It works in the stems as 
well as in the sfeed, as shown in our illustration. Its work is so 
readily recognized that no detailed description seems necessary. 

The great majority of these flies are vegetable feeders in the larval 
stage, being found either in living or decaying plants. However, 
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some species are found in decaying animal matter, in dung, and in 
human excrement ; some in the nests of various Hymenoptera ; some 
produce mines in leaves ; some affect young birds, and some befriend 
us by eating grasshopper eggs. 
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The family is world-wide in its distribution. 

The following Minnesota species are in our collection: Anthomyia 
radicttm, Linn. ; Caricea nana, Zett. ; Dialyta, sp. ; Homalomyia catti- 
cularis, Linn. ; H. inctsurata, Zett. ; H. sp. ; Hylemya lipsia, Walk. ; 
Hyetodesia proximo, Wulp. ; Phorbia brassicae, Bouche ; P. fusciceps, 
Zett. ; Pegomyia, sp. ; SpHogastcr nitens, Stein. ; Ophyra leucostoma, 
Wied. ; Hykphila, sp. 

OESTRTDAE. 

"Bot Flies," "Gad Plies" or "Breeze Plies." 

This is one of the most important families from an economic stand- 
point. The flies are medium size, some quite large ; without exception 
the larvae live in or upon quadrupeds, such as horses, cows, sheep, 
rabbits and gophers. Some tew are known to attack man. The bot 
fly which attacks sheep, places its living young in the nasal passages. 

The adults, like the horse fly, are fond of sunny localities, and in 
this stage take little or no food. 



Fig. 120. Hprse Cot Fly, male; abdomen of female on left, egg on right; enlarged. Lugger. 

One of the most interesting and injurious is the Horse Bot Fly, 
Gastrophitus equi. Clark (see Colored Plate I, Fig. lo). The female 
horse bot fly lays from 400 to 500 eggs, all of which may be placed, 
imder favorable circumstances, upon one horse. These eggs are fast- 
ened to the hairs, generally of the fore legs, shoulders or chost. A 
horse instinctively fears this pest, and it will be seen, if in the pasture, 



126 DIPTERA OF MINNESOTA. 

to start and strike with the fore feet, although the cause of its nervous- 
ness is not visible. The adult fly is brownish, more or less hairy, 
looking a little like a small honey bee. It is most skillful in depositing 
its yellowish eggs, "nits" we sometimes call them, on the animars 



Fig. 121. Eggs of Horse Itot V]y. as seen under the microscopf. Original. 

hairs. The moisture and friction which these receive from the animal 
licking its hair cause them to hatch, and further licking, occasioned 
possibly by the irritation caused the skin by the presence of the tiny 
larvae, carries the maggot into the mouth, whence it finds its way 
into the horse's stomach, and there completes its larval life, attached 
to the lining of the stomach, and sometimes so abundant as to com- 
pletely cover a portion of it, as shown in our illustration. 

Normally the egg stage lasts about fifteen days. ■ Evidently if 
the eggs go four weeks without being licked, a very small percentage, 
if any of them will hatch. The bots live in the stomach or intestines 
eight or ten months, moulting twice during that period, and naturally, 
when numerous, sapping the vitality of the horse. They also cause 
great irritation by attaching themselves to the lining of the small 
intestine and rectum. In the spring these bots lose their hold and 
pass out with the droppings; working their way into the soil an inch 
or two, or into some protected locality; each "hot" or larva changes 
to a pupa, lying within a pupal case, from which the adult fly emerges 
after about thirty days. 



DIPTERA OF MINNESOTA. 



128 DIPTERA OF MINNESOTA. 

We have at least three species of hot flies belonging to this genus, 
Gastrophilus, in Minnesota: Gastrophilus equi, just described, and 
G. haemorroidalis and G. nasalis, which will be described later. 

Remedies and Means of Prevention: 

A horse will not be attacked as long as it is in the stable. Ordinarily 
a stable horse can be kept free from what "nits** it gets while out of 
doors by proper currying, and no careful man in charge of horses is 
going to allow the eggs to remain on the animal or animals in his 
charge. Horses in pasture, not being groomed frequently, become 
covered with eggs during the summer and early fall, and such animals 
should be carefully examined every two weeks, and all "nits" removed. 
The eggs can be cut off or killed by a trace of kerosene, just brushing 
them over with a feather wet in the oil, and not using enough kerosene 
to injure the hide. Or they may be killed by the use of a wash con- 
sisting of one part of carbolic acid in thirty parts of water. Further, 
we can resort to clipping, when eggs are deposited in numbers, or to the 
use of a sharp razor, destroying the eggs with the latter, without cutting 
much of the hair. A thoughtful teamster in a field or elsewhere, 
if he observes a bot fly disturbing his horses, is going to try to kill 
the fly with his hat or otherwise, and thus prevent further trouble. 

City horses, whose droppings fall mostly on pavements, and in 
other places unfavorable for the further development of the bots, are 
not so subject to the pest as are the animals in the country. 

The United States Department of Agriculture has in the past 
suggested the advisability of treating piles of dung by some process 
which will destroy the fly. It is very evident that as long as the horse 
is kept from licking his coat where the eggs or larvae are no harm can 
befall him other than the irritation caused by the attacks of the fly. 
A horse in poor condition, in whose droppings the owner occasionally 
notices bots, is probably so badly affected as to call for treatment, 
and a veterinarian should be consulted. Sometimes turpentine is used 
internally, but it is a dangerous remedy in the hands of the uninitiated. 
Four ounce doses of turpentine, four hours apart, until three or four 
doses have been given, the last dose followed by one ounce of powered 
aloes, has been recommended. Carbon bisulphide has also been used 
in Italy with marked success. Six gelatine capsules, each containing 
15 grams of C S 2 were given to two horses at intervals of two hours. 
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During the four following days the first horse passed 497 bots, the 
second, in five days, 571 bots. Another party ^ve one horse 32 
grams in five hours, and the animal later passed 203 bots. Horses so 
treated should be carefully watched, and if any bad effects upon the 
animals appear, treatment should be stopped. We are not aware of 
this treatment being used in this country. The old and absurd 
"molasses and milk" remedy has long since been found to be absolutely 
of no use. 

THE RED- TAILED BOT FLY, 
G. haemorroidalis, Linn. 



This is another bot fly {see, Fig. 123), which evidently occurs 
in this state, also attacking horses. Its habits are much like those 
of the species just described, and the same remedial measures will apply. 
It is claimed that the female deposits her eggs on the mouth, instead 
of the shoulders and the fore legs. 

NASAL EOT FLY, 

G. nasalis. 

With habits somewhat like the two preceding, as its name im- 
plies, however, preferring the region near the nose on "chin" for egg 
laying. Horses seriously affected with this bot should receive the 
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attention of a good veterinarian. The means of prevention are prac- 
tically the same aS in the first described species, G. equi. Painting 



rig. 154. Nasal Uot Hy. Greatly enlarged. Lugger. 

the e^^ every few days, when a horse has been exiKised, with pure 
kerosene, would probably prove sufficient, but a mere combing or 
use of a brush is not sufficient with the bot, or with any other laying 
eggs on the hairs. Repulsive ointments on lip or nose would be of 
service where the animals are running in pasture. 

THE SHEEP BOT FLY, SHEEP GAD FLY, "GRUB-IN-THE-HEAD." 
-FALSE GID." 

0(^stnis Otis. 

This bot fly, dull yellow in color, looking a little like a large house 
fly, and having no month, places its living young {the eggs having 
been hatched in the body of the parent) in the nostrils of sheep. The 
attempts of the female fly to reach this point drive the poor animals 
frantic. They lie down, bury their noses in the dust, throw dust in 
the air, huddle together, etc. The young larva, once in the nose, 
works its way upward, occasionally gaining lodgment in the frontal 
sinuses, cavities between plates of bone over the eyes. Ten months 
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are required for the maggots to mature, at which time they crawl 
back to near the anterior opening of the nose, and are sneezed out. 
They remain in the pupal stage, one or two inches below the surface 
of the grountl, from four to six weeks. This upward migration of 
the larva, and its subsequent activity, causes serious symptoms in the 
affected animal, which occasionally result disastrously. This, how- 
ever, according to Neumann, only occurs when the bots are quite 



Fig. 126. Sheep Gad-Fly, from B Cambridge specimen. EnlBrged. Lugger, 

numerous in the animal, and are well advanced in their development 
early in the season. Animals seriously affected lose their appetite, 
become emaciated, discharge thick mucous matter from the nose, some- 
times throw their heads back, or, hanging their heads, lift their feet 
high in the air when walking, grate their teeth and froth at the mouth. 
This is followed by convulsions and finally death within six or eight 
days after the appearance of the first symptoms. This fly, like most 
allied pests, is fond of hot sunshine, and flies on warm and sunny days 
between May and October. 

The above symptoms are sometimes wrongly ascribed to the attacks 
of woniis which cause the sickness known as "gid", or "turn sick". 
The presence of the bot fly, however, does not cause the animal to 
turn in a circle, as in a case of "turn-sick". The presence of the bot, 
too, nearly always causes nasal discharges and snortings which 
symptoms are absent in a case of "gid". 

Remedies and Means of Prevention : 

In the case of common stock destined for the market, a very 
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general and serious attack can perhaps best be met by sending the 
sheep to the slaughter house. On the other hand, there are a few 
remedies or methods of preventing an attack, or of relieving the suffer- 
ers. If the bots have penetrated into the frontal sinuses, it is apparent 
that it would be very difficult, if not impossible to reach them. 
Certainly one should never use a wire, or any compound which 
would injure or cause great suffering to the patient. When the bots 
are in the nostrils simply, they may be removed sometimes by dip- 
ping a feather in turpentine or very weak carbolic acid (one part of 
acid to thirty parts of water), or creosote or zenoleum* An injec- 
tion of salt water, or diluted carbolic acid into the nostrils, with 
a syringe is claimed to be good. Fine air-slaked lime is used 
by some, the animals being forced to breathe it, to induce sneez- 
ing. Dr. Lugger states in one of his reports that he met with 
success by blowing pyrethrum up the nostrils. But, as intimated 
above, all these remedies would avail little or nothing if the bots 
were safely housed in the bones of the forehead. Anything which 
will induce sneezing is good ; tobacco snuff shaken into the nostrils, 
the burning of horns, leather or feathers in a closed shed where 
sheep are confined, etc. It is claimed also that equal parts of 
turpentine and sweet oil poured into the nostrils carefully, the head 
being held up, is excellent, care having to be observed in order that 
the sheep may not be choked. 

Some sheep raisers in infested localities maintain in pasture or 

yard logs, along which at intervals 
of five or six inches two inch holes 
are bored, from May to October. 
These holes are kept about half 
filied with salt, and the edges or 
the mouths- of the holes are fre- 
quently smeared with fresh tar. 
The sheep, in endeavoring to reach 
the salt, involuntarily smear their 
noses with the tar, and this tends to 
keep off the flies. As an auxiliary 
to this, for they will not all get a 
^. ,„. ^^ , r eu r- An Hbcral allowaucc of tar on their 

Fig. 126. Three larvae of Sheep Gad-fly 

in frontal sinuses of sheep. Enlarged. nOSCS, OUC maV rub iutO th^ HOStril^ 
J-ug^er. »' 
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and about the nose the following compound : Pine tar, two parts, fish 
oil or cotton seed oil, one part, powdered sulphur one part. Some, 
instead of using salt logs, plow a few furrows across the pasture, into 
which the sheep may stick their noses when attacked. Some breeders 
keep deep dust in a portion of the sheep yard, into which the animals 
instinctively thrust their noses when attacked by the fly. This, how- 
ever, only affords temporary protection, since the fly returns to the 
attack as soon as the animals leave the furrow. All modern books 
on sheep raising undoubtedly contain the latest and best remedies for 
all parasites of sheep. One or more good books of this kind should be 
in the hands of every sheep raiser. 

OX BOX FLIES, WARBLE FLIES. 

The genus Hypoderma includes species of bot flies which make 
tumors on cattle, and while not very abundant in Minnesota, their 
presence on our dairy cows or beef stock, even in limited numbers, 
makes them of special interest. Like other bot flies, they lay eggs on 
the hairs in spring and summer, and these eggs are either hatched by 
the moist friction of the tongue of the animal, the tiny maggots finding 
their way into the mouth by subsequent licking, or the eggs themselves 
are carried into the mouth and hatched there. In this event the young 
maggots migrate down the gullet, through its walls and other 
tissues of the victim, until they reach the skin, where (generally some 
time after Christmas) they appear, forming the swellings known as 
"warbles". Here, in tumors caused by their own activities, they 
mature, their anterior end, with its mouth, being at the bottom of 
the tumor, where the mucus upon which they feed gathers, and the 
posterior end, through which most of the breathing takes place, is 
directed upward, and is near the small opening in the hide, apparently 
made for the purpose of respiration, discharge of excrementious 
matter, and the escape of the bot. These holes are also called 
"warbles". 

This bot stage or larval stage lasts for nine or ten months, and 
the vital activities of the bot, if abundant, cause the victim to lose flesh, 
to fall off in milk, if it is a milch cow, and imparts to the flesh in the 
vicinity of their work a slimy greenish appearance. This abnormal 
flesh is called by butchers "licked beef". When mature the bots force 
their way through the hide, and dropping to the ground, bore an inch 
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or so below the surface, turn into pupae, and after about four weeks 
in this stage, emerge as perfect flies. Until 1890 it was supposed 
that the eggs were laid on the back, and that the maggots penetrated 
the skin directly at that place. 



Kig. 127. The Striped Warble-fly or Heel Fly. Enlarged Lugger. 

Hypoderma boiis, De Geer, is the most commonly described ox 
warble fly, but it is doubtful whether this species is found in the United 
States, and probably the injury to stbck in this direction should be 
ascribed to the Striped Warble Fly, or Heel Fly, Hypoderma lineata, 
Villers, shown in Fig, 137. This is a hairy fly, looking a little like 
a dark colored bee. There are yellowish white hairs on the thorax, 
while above the abdomen is banded with black and whitish. Four lines 
on the thorax give its name, the Striped Warble Fly. The name "Heel 
Fly" comes from the fact, according to the statement of cattle men in 
the Southwest, that it lays many eggs on the heels of the cattle above 
the hoofs. The eggs are attached to the hairs by a peculiar clasping 
apparatus at one end. 

It would appear from a report appearing in the Farmers' Review 
for 1889 that at that date this parasite was practically unknown in 
Minnesota and Dakota. But that we have it now to some extent is an 
undisputed fact, and doubtless it will increase in time, as more stock 



DIPTERA OF MINNESOTA. 135 

is raised here. In the same year (1889) seventy-three per cent of 
cattle marketed in Chicago from IlHnois during the hot season (Janu- 
ary to June) were infested ; 71 per cent of Iowa shipments showed in- 
festation, and 48 per cent of the cattle from Indiana; 33 per cent of 
the cattle from our neighboring state, Wisconsin ; 56 per cent of Ohio 
cattle; 57 per cent of Missouri cattle; 60 per cent of the cattle from 
Kansas, and 57 per cent of the Kentucky cattle. In each case the loss 
on the hide was one-third ; that is, "grubby" hides were docked one- 
third their value. In summing up it may be said that the loss from 
warble flies during that year, on cattle shipped to the Chicago market 
alone, was $3,337»565oo- 

Remedial Measures: 

The bot may be squeezed out of the tumors on the back of milch 
cows, and killed, enlarging the opening a trifle with a clean knife, 
if necessary, or a drop of kerosene, or a little mercurial ointment may 
be introduced through the opening of each tumor. This squeezng 
out of the bots causes some pain, it must be confessed, as is evidenced 
by the cattle wincing during the operation. After the bots have been 
removed or killed within the tumors, the latter should be dressed a 
few times with vaseline in which carbolic acid has been mixed, or with 
some other healing and sterilizing ointment. 

These tumors can be easily detected, when present, by running 
the hand over the back of the animal. A mixture of one part of 
powdered sulphur and four parts lard rubbed into and over openings 
of tumors will kill the bots. 

If the eggs on the hairs are moistened with kerosene when first 
observed they will not hatch. Repellent materials which are persist- 
ently sticky, such as fish oil, or a compound of pine tar and kerosene 
(it is not safe to use too much kerosene) and fish oil, may be frequently 
smeared over the back, sides, belly, fore legs and roots of the tail 
of stock running in pasture, and will in a great measure reduce the 
evil. This is not always practicable. Of course, the flies will find 
some animal poorly protected, and this animal will suffer all the more 
on account of the protected condition of its mates. Fish oil emulsion, 
first used against the horn fly, might well be used on stock running in 
pasture, both for the ox warble and the horse bot fly. It is inexpensive 
and easily applied, and those who have worked with it claim its effects 
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last four or five days. If the stock is inclosed, and a knapsack sprayer 
used, a large number of cattle may be treated in an hour. The emul- 
sion is made as follows: Dissolve one-half pound of common hard 
soap in one gallon of boiling water ; add gradually two gallons of fish 
oil. churning the liquid through a force pump for several minutes, and 
when wanted for use dilute by adding 15 or 20 parts of water to one 
part of stock solution. The Department of Agriculture has recom- 
mended tar, or the following mixture: Sulphur four ounces, spirits 
of tar one gill, whale oil one quart ; one application each week. 



Fig. 128. Emasculaling Bolfly. ICnlarged. Lugger. 

Naturally, housed animals are not so subject to attack, and if 
animals in the pasture can resort to a shed, to deep shade, or to water, 
they are much less troubled than those not so protected. Those in 
charge of milk cows or other cattle kept in barns should be on the 
lookout at the proper time for bots along the back or eg^s on hairs, 
and when seen take prompt measures. Co-operation is absolutely 
essential in this, as in other farm practices, to insure the best results. 
In Texas, on the ranges, where the attacks of the ox warble fly are felt 
very severely, cattle are said to be driven frantic at the approach of 
the pest, running for the nearest body of water, there to remain for 
several hours. Animals arc frequently mired in this way. This 
species is said to sometimes, though rarely, attack man, the cattle 
tender, the odor of whose garments deceives the flies. 
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The genus Cutebra contains a number of bot flies, some of them 
common in Minnesota, of special interest, although not of decidedly 
economic importance. These are the flies whose larvee we find on 
rabbits, generally on the neck, and frequently on gophers and squirrels. 
Unidentified bots, possibly belonging to this genus, have been taken 
from beneath the jaws of kittens. C. cunicuH is a common bot found 



on the rabbit, and C. fontineila, Clark, has been taken from the rabbit 
in New Mexico. Squirrels are sometimes found emasculated, which 
i.f undoubtedly the work of the emasculating bot fly, which may be 
the species shown in our illustration, and not the work of other squir- 
rels, as was at one time generally supposed. Fig. 129 shows a portion 
of a striped gopher with larvae of the emasculating bot fly in the scrotal 
region. There is much to be learned regarding the species of this 
genus in Minnesota, but such knowledge is not of special value to the 
farmer. We have here, to our certain knowledge, two or three species, 
C. baccata, C. horripkilum, and probably others. These are large flies, 
as shown by the hair lines on the side of the figures. They are more 
or less hairy, with large eyes. One species has red eyes, and is marked 
with yellow, white and black. Another has dense, brownish fur on the 
thorax, arid another is entirelv black. 
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This important family, Ocstridae, contains about seventy or more 
species, and it is claimed that for the most part each species is confined 
to one species of mammal. Williston states that seven species of 



Castrophiius are found in the stomach and intestine of the horse and 
ass. Thirteen species of Hypodcrma are known to live under the 
skin of the horse, the ox, the buffalo, the sheep and the goat; four 
species are found on the antelope and the musk deer. A species 
is also found on the reindeer, and hots have been found in the neck of 
a hog, possibly Ccphciiomyia, which infests deer. We have no proof 
of members of this family attacking birds or reptiles. That some of 
its members at times, in common with certain Muscidw. attack man, 
we have undisputed evidence. As mentioned above, the ox warble 
has been known to attack parties taking care of cattle, lincata having 
been positively identified in a human host, and bozis in Europe is 
said to have been also identified in man. 
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Mr. Logan reported to the editor of Insect Life, some years ago, 
that while in the forests of the United States of Colombia looking 
for mahogany, far from cattle or the habitations of men, he was 
much troubled by bots living under the skin of his back and should- 
ers. 

Mr. John Hamilton, in the Entomological Nczvs Vol. 4, claims that 
in South America the bot fly, which he at the time recorded as Oestrus 
hominis, deposited eggs under the skin of the bellies of the natives, 
and the larvae sometimes produced in them fatal ulcers. This may 
have been Hypoderma bozis, or more probably Dermatobia noxialis. 

There are many examples of the occurrence 
of this latter species in man. The same phy- 
sician also reports a case which came under 
his attention of a six-year-old boy who had 
been on a farm in Illinois the fall before his 
attack. He says: "Several years ago I saw, 
professionally, a boy, six years of age, who 
had been suffering for some months from the 
glands of one side of his neck being swollen, 
and a fetid ulceration around the back teeth 
of the lower jaw of the same side. Three 
months' treatment was of no avail, and the 
end seemed near. One . day a white object 
was seen to move in the ulcer at the root of 
the tongue, which, on being carefully ex- 
tracted, proved to be a large grub, which, from having frequently 
seen them, I recognized as a full grown larva of Hypoderma. It 
was of the usual tawny color, about half an inch long when extract- 
ed, and about one-third that thickness, and quite lively. The case 
ended fatally." 

The supposition was that, in some way, when on the farm, an 
egg was taken to the boy's mouth, and the larva found between the 
base of the tongue and jaw suitable tissue in which to develop, com- 
ing to maturity at the same time as though it had gone into an ox. 

The writer wishes in this connection to refer to a case which 
came under his own notice in 1903. Dr. Foster of St. Paul sent to 
the entomologist two or three dead larvae, looking like the illustra- 
tion shown in Fig. 133. These were taken from a female infant 




Fit 132. Bot of Man, 
Dermatobia noxialis. 
After Brauer. 
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three weeks of age, born prematurely at seven months, and bottle 
fed from birth, and came from pustules on the palm of the hand, 
back of the neck, and between the great and second toes of the right 
foot. These "worms" were about one-fifth of an inch long. The 
infant had slept in its carriage out of doors for many hours nearly 
every day since its birth. The larv^ne were sent to a specialist in 
Washington, who identified them as Gastrophilus epilepsalis, French. 

Banks, however, Canadian Ento- 
^) 5g \ mologist, December, 1903, claims 

that it is wrongly named. This same 
specialist identified French's origin- 
al larvae and doubtless had the type 
with which he compared my speci- 
men. A case somewhat similar to 
this was reported in 1899 by Dr. H. 

Fig 133. Maggot taken from under Q Addcrly of Illiuois. In this CaSC 

the skin of a three-weeks old in- -^ 

fant. Original. ^ boy, ten ycars of age, had been 

suffering for four years from epileptic spasms, sometimes having twen- 
ty spasms in twenty-four hours. The patient was constipated, and 
upon the use of a cathartic, hundreds of maggots were seen in the 
excreta. These were sent to Prof. French, and he named them Gas- 
trophihis epilepsalis, as above, and this species sent me by the Minne- 
sota physician is claimed to be identical with the one named by French. 
It is to be regretted that the larvae were not sent alive, so that they 
might have been reared to the adult stage, in which stage they could 
have been identified absolutely. 

In this connection it may be said that this department would 
thoroughly appreciate specimens of this kind coming to the notice 
of physicians over the state. They should be sent to the office of the 
entomologist, securely packed in some moist cotton, or in moist 
earth, and upon their arrival would be so cared for that they would 
undoubtedly complete their transformations. The writer would 
be very glad to give any one sending such maggots the benefit of 
any and all information obtained from rearing them. 

Minnesota species: Gastrophilus eqid, Clark; G. haemorrhoidalis, 
Linn.; G. nasalis, Linn., from sheep; G. epilepsalis, French (doubtful; 
probably not an Oestrid) ; Hypoderma lineata, De Vill. ; Cuterebra buc- 
cata, Fab., from throat of Neotoma; C. grisea, Coq., from Gopher; 
C horripiliim, Clark. 
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SARCOPHAGIDAE, 

The Flesh-Plies. 



As tlieir English name intimates, these flies, for the most part, 
seek flesh, not only for food, but also to deposit their eggs, tliereon. 



and carcasses of dead animals attract them in large numbers, as well 
as the blow fly, which latter species belongs to the family Muscid<E. 
Some species of Sarcophagids seek dung or rotting vegetable mat- 
ter or fruit for feeding and oviposition. The larv^ of some attack 
the nasal cavities or ulcers on man and other animals. It is claimed 
that 20,000 eggs have been found in the ovaries of one Sarcophagid. 

Some species of the genus Sarcophaga give birth to living larvae 
and, according to VVilliston and other writers, have been found 
under the skin of turtles, in the stomach of frogs, etc. Still other 
species of this genus destroy locusts, attack the army worm, etc. The 
larvae of several species are known to occur in snails, in beetles, in 
pupee of moths, etc. 

Aldrich lists about 118 species as North American {1904), and 
of these 102 belong to the genus Sarcophaga. The habits of some of 
these latter are interesting. S. assidua. Walker, has been reared from 
human excrement, also bred from a destructive "grasshopper" or 
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locust. S. carnaria, Linn., it is interesting to note, does not occur in 
the United States, though frequent- 
ly fifjured and referred to as found 
I in this country by Riley, Lugger 

and others. In fact, this is a very 
common error to be found in older 
publications on Entomology. All 
references, therefore, to this species 
^. ,^ ^ ^ * as occurring in Xorth America, 

ioppers" of"icicua(a! iui<loubtedly fcfcr to some other or 
several others. Riley found what 
he supposed was this species parasitic on eggs of Rocky Mountain 
locusts, and also on the growing insects. Dr. Hugo Sunima records 
(St. Louis Medical & Surgical Journal. May, 1889) a case of nasal 
myiasis in man, due to a species of Sarcophaga. which he supposed 
was carnaria. Dr. Walter B. Johnson, in Ophthalmic Record. 1892, 
gives an account of a larva referred to this species, in the ear of man. 



;5„"8n. 




S. dazidsonii, Coq., is claimed to prey upon the eggs of spiders. S. 
helicis. Townsend, has been reared from a May beetle or "June Bug". 
l.achnosteriia, sp., and from "grasshoppers," from the cabbage worm 
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and from the army worm. S. incerta. Walker, lias been bred from 
cow dung; S. quadrisetosa, Coq., breeds in the excrement of man and 
cattle; S. sarracenia. Riley, a very common species in Minnesota, has 
been reared from human excrement as well as from "grasshoppers." 

Enough species have been cited to give an idea of the habits of the 
family, useful in many things, but a menace in others. How people 
can tolerate in their dwellings the presence of house flies and others 
which are found with them, after knowing their habits, is beyond the 
comprehension of an entomologist. 

We list the following species from Minnesota: Sarcophaga helicis. 
Town., parasitic on M. atlaiiis; S. sarracenia, Riley; S. sp. 

ML'SCID.^E, 

(/(( Striclcsi Sense.)' 

House I'lics. Blue Bottles., Horn flies. Stable Flies, etc. 



TiR. 137. ir.mse Fly. I.iiggfr, 

Equalling, if nut exci^oding in importance any other family, 
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account of certain disease-introducing relations to man, this family 
is of peculiar interest, not only to the entomologist, but to all per- 
sons interested in hygienic living. Some one quite truly said, short- 
ly after the Spanish war, "We lost only two hundred and fifty men 
by bullets, but five thousand by the agency of house flies," refer- 
ring to the typhoid epidemic in some of the southern camps directly 
traceable to the actions of house flies, and so reported by the com- 
mission sent to investigate. This commission found that house 
flies, after frequenting the open trenches of filth accumulating at the 
hospitals, flew directly to the mess tables of the soldiers. 

In this family occur the Blue Bottles and "Green Bottles," the 
Horn Fly, House Fly, Stable Fly, Screw Worm Fly, and others 
which either cause annoyance to man, and sometimes disease, in the 
house and elsewhere, or affect stock seriously. In our Civil War 
the sufferings of wounded soldiers in the field, by having their 
wounds "blown" by flies are said to have been greatly increased. 
In South Africa the Tsetse Fly (pronounced setse), Glossina morsitans 
(see Fig. 5) a close cousin of the stable fly, is the carrier of an or- 
ganism which, when in the blood of certain animals, produces Na- 
gana, or the "fly disease." 

There is another side to the shield, for some members of this 
family are useful in the early stages of their existence. The rapid- 
ly multiplying blow flies remove carrion which might otherwise 
offend our nostrils ; the dung feeding species help to remove this 
from pastures and elsewhere, and the larvae of at least one species 
are useful in eating the eggs of locusts. 

Formerly this family contained a large number of groups of some- 
what diversified flies, which groups are now separate families, some 
thirty-five or more. We prefer to discuss the Mtiscidce in its more 
modern, restricted sense, taking up the other families, i. e., the Bot 
Flies, Flesh Flies, Tachina Flies, Anthomyids and others which 
used to be included in the ^luscidc-e, in their proper places. 

All true Muscids unite in certain well defined characters. They 
are short flies, either bare or only slightly hairy, the bristle (arista) 
on each antenna is usually plumose, or feathery, and the first pos- 
terior cell of the wing (Comstock's III 5) is either distictly nar- 
rowed or closed ; the abdomen is not bristly, except occasionally 
at the tip ; the winglcts "alulae," at base of wings are always of good 
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size in this family, and strikingly enough, the "halteres" or balancers 
are small in proportion as the "alulae'' are large. 

THE HOUSE FLY. 
Musca domestica. 

Found practically over the entire world; lays its eggs in piles 
of horse manure, or, in the absence of this preferred larval food, in 
other filth, one female depositing as many as i6o eggs. In twenty- 
four hours the ^gg hatches, and the life of the maggot or larva is 
from five to seven days. It then changes to a pupa, the skin of the 
larva hardening to form a brown pupa case or puparium, and after 
from five to seven days the perfect fly emerges. 

When cold weather comes, some adults hibernate in protected 
situations indoors and out, and emerge at the arrival of the first 
warm days in spring, only to hide in their retreats again if the weath- 
er becomes cold. Cold weather occurring during the breeding sea- 
son, retards development, and it is claimed that this fly can winter 
in the pupal stage. Late summer brings to the adult fly diseases in 
the shape of fungi, which attack and kill them ; small mites fasten them- 
selves upon them, either as parasites or for transportation and at all 
times in the summer they are the legitimate prey of the dragon flies, 
wasps and other predatory animals. 

At least one of the disgusting habits of this spe- 
cies has been referred to on a previous page, in dis- 
cussing the family, and no careful housekeeper is 
going to allow house flies about the food in the 
house. A darkened pantry is not disturbed by flies. 
As is well known, typhoid fever is caused by a 
germ which, at a certain stage of the disease, is 
known to be present in the excreta of patients. 
Since these, or closely, allied germs, may be present 
b'ig. 138. Maggot and somctimcs in faecal matter of parties not necessar- 
E"y.^F?^ ^Pa^ardL ^h showiug symptoms of the disease, and since the 

common house fly is a frequenter of such filth, 
the need of hygienic methods in the environment of the farm house 
need not be emphasized further. Privies should be covered, or 
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Fig. ]a9. Dead Houk Fly with niiK-a J !([. 110. House J-'ly killed by fungus 

means taken to destroy or cover witli earth or ashes fscal matter as 
soon as deposited. A large number of Diptera breed in human excre- 
ment. Dr. Howard says that out of seventy-seven species of Diptera 
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studied in this connection, thirty-six were found to breed in human 
faeces, while the remaining forty-one were captured on such ex- 
crement. It should be said in connection with the facts cited regard- 
ing typhoid epidemics in our southern camps during the Spanish 
war, that Surgeon General Sternberg was thoroughly alive to this 
danger, and issued dirfctions covering this point, but these direc- 
tions were not regarded. Flies have been carried hy railway cars 
and other conveyances into districts where they were not previously 
present. The writer, when in Oregon, was told by some one of the 
old settlers, that before the advent of the railway in Western Oregon 
house flies were unknown there. 




THE STABLE FLY. 

Stomoxys calcitrans, Linn. 

Resembling the house fly so closely in general appearance as 
to be classified as such by the ordinary observer, until what he re- 
gards as a "house fly" pierces his skin, causing for an instant a sharp 
pain. This common mistake is enhanced by the fact that the stable 
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fly sometimes, particularly in the fall, enters the house. It is an 
unpleasantly evident fact that stable flies can penetrate thin cloth- 
ing with their sharp beaks. It is found in large numbers about stables, 



Fig. !«. Suble Fly. 



hence its name, where it annoys .stock. Like the house fly, it lays 
its eggs in, and the larvas feed upon, fresh horse manure. Disposing 
of this horse manure promptly lessons the evil. Stock is but little 
molested in a darkened stable. 




THE HORN FLY. 

Hacinatobia serrata, R. Desv. 

So called because of its habit of clustering at the base of the 
horns of cattle {see illustration). It in no way injures the horn, 
though it at one time was believed to do so. Such a situation ap- 
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pears to afford it a safe resting place when not engaged in biting. 
It is to be noted that when it is resting its wings are pointing back- 
ward, whereas, while biting, its wings make more of an angle with 
the body. 

This fly is about half the size of the common house fly, which 
it very much resembles. Dark colored, particularly black, cattle, 
suffer more than light colored animals. Eggs are laid in manure 
freshly dropped from the animals, they attack. Moist weather, by 
conserving the moisture of the droppings, is conducive to the in- 
crease of this pest ; hence, a wet and muggy summer will produce 
more flies than a very dry summer. Some go to the trouble of 
scattering the droppings in the pasture with a shovel, or by dragging 
brush across the field, thus insuring the speedy drying of the manure, 
and the depriving of the larva of its food. Some also place a spade- 
ful of lime on each dropping — an action which is not always practic- 
able; furthermore, lime so changes the character of the manure as 
to make it (the manure) less desirable as a fertilizer. The use of 
kerosene or kerosene emulsion on cow droppings in the field would 
be preferable to lime, or (and cheaper) the scattering of the drop- 
pings, as already suggested. While the use of lime is not desirable, 
gypsum or land plaster, on the other hand, conserves the qualities 
of the manure, and may well be used on a manure pile in yard or 
in stable. 

Although this genus and species is troublesome in most of the 
United States, it is said to cause no trouble in England, where it is 
also found. The species was introduced into America from Europe 
probably about 1886, or a little before. Now the horn fly is found 
in almost every state east of the Rocky Mountains, and in many 
sections of Canada. The irritation and Avorry caused by their at- 
tacks result, when the insects are numerous, in loss of flesh, and, 
in the case of milch cows, a falling off in milk. 

At the Experiment Station a few years ago we found that a mix- 
ture of one pound of rancid lard and one-half pint of kerosene, mixed 
thoroughly until a creamy mass formed, gave excellent results as a 
preventive, when rubbed with a cloth or with the bare hand, not too 
thickly, over the backs of a few cows, lasting for two or three days, 
and keeping away all kinds of flies, apparently, which frequent stock 
here. About three-eighths of a pound was used for each full grown 
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animal. Three parts of fish oil and one part of kerosene sprayed 
over steers also gave excellent rsiilts, and is manifestly the practical 
thing when many are to be treated. Fish oil costs in Minneapolis 
about 45 cents per gallon in barrel lots. 48 cents in half barrel lots. 



and 60 cents for single gallons. Spraying an animal is best done 
with a knapsack sprayer, and it takes two or three minutes to spray 
each creature. This spray appeared to keep off horn flies and all 
other files for two days. If a herd were to be treated, a man with 
some kind of spraying machine might stand on either side of a nar- 
row passage, through which the animals had to pass, and quickly 
treat a large number. If the writer were keeping two, three or four 
family cows, he would not hesitate to use either one of the two rem- 
edies above described, which he has tried and found good. He was 
so situated, however, when keeping a cow, that he could turn his 
cow into the pasture at night during the hot weather and "fly time," 
and thus avoid trouble, keeping her in a dimly lighted stable during 
the day. They were observed this year at St. Anthony Park, May 
r9th. 

Prof. Weed, in a Mississippi bulletin (No. 28), states that he 
found a mixture of two parts of crude cotton seed oil, or fish oil, 
with one part of pine tar very successful. It took him half a minute 
to apply this to each animal, using a large paint brush for the pur- 
pose. He claims that the efficacy of this wash lasted for a week 
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To kill the flies Mr. Weed used a mechanical mixture of kerosene 
and water (two to ten) in a kero-water sprayer. The milch cows 
at his station were sprayed with this daily for seven days, a special 
effort being made to have the spray strike the flies. The pests were 
killed in this way, and, according to his statement, the numbers so 
reduced that after the seventh spraying practically no flies could be 
found, nor were they numerous again that season. It is probably 
to be assumed that this herd was more or less isolated, hence flies 
from infested herds did not reach it. Kerosene emulsion, one part 
of the emulsion to six or eight of water, would probably accomplish 
the same results. Kerosene emulsion is made by boiHng half a 
pound of hard soap in a gallon of water, taking the same from the 
stove, and while boiling hot, adding grarlually two gallons of cheap 
kerosene, churning the mixture all the time, and for several minutes 
afterward, through a force pump, until it becomes of the consis- 
tency of cream or clabbered milk. This is the stock solution, which 
should be dihited with water when wanted for use. 



Fig. Ue. Horn Fly, enlarged. Lugger. 

A compound recommended by several entomologists as excel- 
lent, is a mixture of fish oil and crude carbolic acid. A sponge 
dipped into this, squeezed nearly dry, and passed lightly over the 
hairs (only the tips need be wet) is quite lasting in its effects. Con- 
tinued rains will wash this off, as it will other compounds of similar 
nature. 
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Very fine tobacco dust. sifted into the hair on the back, and where- 
ever it will find lodgment, and the above wash applied to other parts 
which v/ill not hold the dust, will obtain good results. Prof. J. 
B. Smith of New Jersey, reports success with this treatment, and 
says that tobacco dust is fatal to the horn fly, if the fly stays on the 
back of the animal where the dust has been scattered, long enough 
to bite. It is said by some to be one of the few things which will 
repel the stable fly, 

A device, which we have never seen, to be arranged in a door- 
way of a stable, or, with certain modifications, in a pasture, has 
been extensively advertised in the papers. It consists practically 
of a passageway in which brushes are so arranged that when a cow 
enters the stable, the flies on the back or flank are brushed off, and 
rise into a glass dome above, attracted by the light. This consti- 
tutes a trap, for they never go down, and can bekilled there or allowed 
to die. It has been claimed that when some such contrivance is placed 
in a pasture, cows soon learn that they can obtain relief by passing 
through it. 

THE BLOW FLY OR MEAT FLY. 
Calliphora vomitoria, Linne. 



Fig. 147. Blow 
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A large blackish fly with bluish abdomen. When cabbage or 
cauliflower or corned beef is being cooked, it is mostly these flies 
which come about the kitchen door, or inside, if the latter is not 
screened, in large numbers. They lay their eggs, from 300 to 600, 
which quickly hatch, upon meat and vegetables, and are at times a 
great nuisance. This species is well illustrated on Plate I, Fig. 12. 

Packard says that in the Civil War wounded soldiers lying on 
the field were tormented by these flies endeavoring to lay eggs in 
their wounds. Wounds on stock should be quickly dressed with 
weak carbolic acid (one part of carbolic acid to thirty parts of water), 
and then coated with tar (U. S. Department of Agriculture). If 
eggs are already in the wounds, they should be removed carefully, 
the wounds washed with the above carbolic acid solution, and dress- 
ed with tar. 

THE GREEN BOTTLE FLY. 
Pseudopyrellia (Lucilia) cornicma, Fab. 

Fig. 6, Plate I, is common on stock, laying its eggs on dung 
in the pasture. Observed this year as early as March 24th. 

THE BLUE BOTTLE. 
Lucilia ccesar, Linne. 

This fly hibernates in the perfect or imago stage, and appears 
quite early in the spring, laying its eggs in meat, and also, it is said, 
in the putrid mass of dead insects found in the pitcher plant, Sar- 
racenia. The maggots live on the decaying matter, and pupate, but 
when they emerge as flies they are held as prisoners, and are added 
to the rotting mass in the plant. This fly also attacks stock. 

THE SCREW-WORM FLY. 

Chrysomyia (Compsomyia) macellaria, Fab. 
This fly (see illustration) is not only an annoying pest to stock 
in the South, but it is to be dreaded on account of its pernicious 
habit of laying eggs in wounds and other openings in cattle and 
men, sometimes even in the nostrils and ears of human beings sleep- 
ing out of doors or in unscreened houses. The larvae or maggots, 
by their activities in such localities, cause sickness and frequently 
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death. This species is about one-third of an inch long, metallic 
green, with reddish eyes, resembling a little the Green Bottle, but 



Fig. 148. Tbe Screw-worm Fly, enlarged. Lugger. 

with three dark stripes on the dorsal part of the thorax, see Fig. 148. 
Although this fly is found in Minnesota, fortunately it does not ap- 
pear to commonly attack man in the northern states. The egg is 
one-sixteenth of an inch long, yellowish ; it hatches a few hours after 
being laid. The maggot, when full grown, is three-fourths of an 
inch long, tapering toward one end, with the posterior end trun- 
cated. It gets its name of "screw-worm" from the fact that a ring 
of bristles runs around its body between each segment, causing a 
fancied resemblance to the thread of a screw. From four to six 
days after hatching it becomes full grown. At this time it leaves 
its food, and goes into the ground to pupate. In about seven days 
the fly emerges. 

The Screw-worm Fly attacks also sheep, horses and hogs. Weed 
says that in the case of hogs the chief point of attack is the ears. 
The odor arising from catarrhal conditions in man appear to attract 
it, and we have several instances in this country of the fly laying 
its eggs in the nostrils of man sleeping in the daytime out of doors, 
causing disastrous results. Dr. Howard McI. Morton of Minneapo- 
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lis, in 1895, reported two cases, possibly this fly, where the ear was 
the point of attack. The writer was not here at that date, and finds 
no specimen thus labeled in the collection. 

Three cases of some interest, not occurring in this country, are 
mentioned here. In one case 250 larvje or maggots were found 
in the nasal iossx of a sixteen -year-old girl. The second case was 
that of an old man with an ulcer on his leg, filled with maggots. 
The third case was that of a three-year-old boy attacked in his left 
ear. These are only a few of many which are on record. In cases 
where it is known that eggs have but recently been laid in the nos- 
trils, if a physician cannot be obtained at once, the nasal passages 
should be most thoroughly syringed with a solution of one part 
of carbolic acid to 200 parts of water. 

Methods of Preventing Attacks of the Fly. 

Sores made by barbed wire or otherwise on domestic animals 
should be immediately dressed. A solution of one part of carbolic 
icid in 30 parts of water makes a good dressing; or a mixture of one 
ounce of oil of tar in 20 ounces of sweet oil is also recommended. 
Carcasses of animals dying or killed on the farm should be buried. 
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When human beings arc infested a skillful physician should at once 
be summoned. 

This fly is found in North America, Mexico, Cuba, Columbia, 
Venezuela, Cayenne, Brazil, Peru, Chili, Uruguay, Argentine Re- 
public and New Holland. It is more injurious in tropical and sub- 
tropical countries than elsewhere. 

Species of Muscidae taken in Minnesota are as follows: Stomoxys 
calcitrans, Linn.; Calliphora vomitoria, Linn.; Compsomyia (Lucilia) 
maceliaria. Fab. ; Cyrloneura, sp. ; Pollenia rudis, Fab. ; Pseudopyrellia 
cornicina. Fab. ; Lucilia caesar, Linn, ; Musca domestica, Linn. ; 
Morellia micans, Macq. ; Muscina stabulans. Fall. ; Haematobia 
serrata, Desv. ; Graphomyta maculata. Scop, 

TACHINIDAE. 

Tachina-Aies. 



IBO. Tlie Retl-laiti 
Woriiii u, fij. r 



I parasite of the Army 



This extremely beneficial family, from the standpoint of the 
ariculturist, is well represented in this state, we having taken here 25 
species, and almost every species found here is represented by many 
individuals. These flies are useful in that the larvEe are parasitic, 
living for the most part inside of caterpillars which prey upon om 
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fruit and shade trees, vegetables, grain, etc. The female lays her 
eggs upon the caterpillar, and the young maggot, upon hatching, 
bores its way into the tissues of its host, where it lives until full 
grown. A caterpillar so attacked, and very many are thus affect- 
ed, is sure to die. The white eggs of these useful fltes can frequent- 
ly be seen upon caterpillars, looking much like the representation 
in Fig. 150, which shows on the right two caterpillars upon which eggs 
have been laid. This is a common species, and has been bred from 
at least fourteen different host species, among them the common 
large Cecropia moth. This species also occurs in Europe. There 
is no question but that this family, from its parasitic habits and 
abundance, is practically first in importance among insects which 
ar^ indirectly beneficial to man. While they frequently waste their 
^ggs by depositing them in undesirable places, they compensate us 
by choosing a great variety of victims from among injurious insects, 
a single species of Tachina fly having been known to parasitize in- 
sects of two or three different orders. It must be confessed, how- 



ever, that under certain conditions some of the members of this 
family injure us by attacking insects which are useful. Ugtmyia 
sericariaa, for example, in Japan attacks the silk worm. It is believed 
tliat this cunning fly lays its eggs on the mulberry leaves which are 
■ eaten by the silk worm. As many as five of the maggots of this fly 
may be found in one worm, of which rarely more than one is said 
to reach maturity. 

These flies, which arc so generally useful in this state, are gen- 
erally grayish or black, or gray and black. The largest one in our 
collection is nearly or quite an inch long. This species, Bchinomyia 
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(Jurinia) algens, Weid., Fig. 8, Plate I, is black with yellow mark- 
ing on back part of the head, and with the alulae or scales under the 
base of the wing, yellow, in striking contrast to the shiny black and 
sparsely haired abdomen, Bombyliomyia (Hystricia) abrupta, Wied., 
shown in Colored Plate II, Fig. i6, is one of the largest and most 
striking forms, with its large yellow abdomen scantily covered with 
blackish hairs. Peleteria tesselata, Fab., Fig. 154, looks like a small 
edition of the previous species. , 



Fig. 1E3. Pupsrium of E. nffinu. Oiigina!. 

There are apparently 200 or more species of this family in Great 
Britain, and Aldrich lists 957 species in his Diptera of North America. 
Minnesota has so far yielded the following species: Bombyliomyia 
abrupta, WkA. ; Belvosia bifasciata. Fab.; Blepharipesa adusta,ho&w; 
Echinomyia (Jurinia) algens, Weid. ; Exorista af finis, Fall. ; Peleteria 
iessellata. Fab. ; P. robusta, Weid. ; Phyto clesides. Walk. ; Phorantha 
occidentis. Walk.; So. Dak,; Phorichaeta sequax. Will.; Musicera 
nortnula, V. d. W. ; Winthemia quadripustulata. Fab. ; Tachina robusta. 
Town, Fig. 6, Plate II ; 7*. mella. Walk. ; Trichophora ruUcauda, Wulp ; 
Gonia capitata, De G. ; Gytnnosoma fulignosa, Desv. ; Frontina frenchii. 
Will. ; Senotainia trilineata, Wulp. ; Sturmia inquinata, Wulp. ; 
Ocyptera carolinae, Desv.; Archytas analis. Fab.; A. aterrima, Coq. ; 
A, lateralis, Macq. ; Hypostena variabilis, Coq. ; Ltnnaemyia picta, 
Meig. We find an unnamed form in collection labeled "from Cimhex 
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DEXIIDAE. 



Small, slender flies closely allied to the Tachinidae, and, like that 
family, parasitic upon various insects, notably the beetles. 

Aldrich lists 165 North American species. We have taken in 



Fig. 164. Plihdtxia libalij. Original. 

Minnesota : De.rta zertebrata. Say. ; Dexia cremtdes. Walk. ; Ptilodexta 
tibialis, Desv. 

HIPPOBOSCIDAE. 
Louse Flies. 



When a boy the writer was much interested in Ornithology, 
and occasionally in his bird collecting he wouid secure a specimen 
(particularly would this be true of horned owls, as he recalls it) 



Hil) DIPTERA OF MINNESOTA. 

upon and amongst the feathers of which most uncanny flies, about 
one-third of an inch long, would be observed crawling, slipping irt 
and out amongst the plumage, in an evident attempt to hide, and in 
'creeping over one's hand or through one's hair affording a very 
unpleasant and louse -affected-like sensation. Though these crea- 
tures had wings, they were not, at those times, observed to use them, 
but they clung with their claw-like feet persistently to the feathers 
or to any surface upon which they were placed. 

These belong to the family of Louse Flies, and they are found 
in the hair of other animals as well as on the feathers of birds. 
Some of the species are wingless, and still others pass through a 
winged stage, and then lose these appendages. 



I-ig. 156, Sheep -lick and enlarged fool. Greatly enlarged. Lnggei-. 

The sheep tick is found here, a wingless fonn, especially construct- 
ed for crawling through the wool when on the living animal, and 
bearing not the slightest resemblance, superficially at least, to a Hy. 
[ts scientific name is Mehpliagus otinus. It was described by Lin- 
naeus in 1761 under the name of Hippobosca ovinus. It occurs 
the worhl over. To the best of the writer's knowledge, this species 
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is not found on animals other than sheep. The insect is about one- 
sixth of an inch long, a wingless fly, and is apt to be common where 
sheep are in crowded quarters, for it is only when sheep are crowded 
together that this parasite crawls from one animal to another. The 
female brings forth young in the pupal stage, and the species is most 
abundant in spring and summer. Lambs suffer particularly just 
after the older sheep have been sheared, for in the hair of the un- 
sheared lambs the ticks find a safe retreat and succulent food close 
at hand. As many as lOO ticks can be found sometimes upon one 
Iamb. 

Treatment. 

Scrubbing or combing or washing with water will do but little 
good. Dipping with some insecticide is the only sure remedy. At 
the State Experiment Station at St. Anthony Park dips made from 
coal tar or creosote products are used one gallon of dip to one hundred 



gallons of water, once in the spring immediately after shearing, 
and again in the fall before going into winter quarters. If they are 
not so dipped, the ticks, as mentioned above, will migrate as soon 
as possible to the unshorn lambs. They should be kept in the liquid 
at least one minute. Sheep added to the flock from the outsidt 
should be dipped before they Join the home flock to prevent the in- 
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troduction of ticks and other parasites. Dipped sheep should not 
be returned at once to the same pen or enclosure occupied before 
shearing or dipping, but should be allowed to remain for a while 
in a different enclosure to prevent reinfestation. Wool, if infested 
when clipped, should be stored at a distance from the sheep in order 
to be sure that no ticks escape from it and return to the animals. 
A second dipping should be given about twelve days after the first. 
However, a careful examination of a few sheep will determine 
whether there are enough ticks on them to call for this. Dipping 
for ticks, as above, will at the same 
time kill lice and many other ex- 
ternal parasites ; a thorough spray- 
ing of the pens or other enclosures, 
with zenoleum of the strength given 
above, or with kerosene emulsion, 
will kill all wandering ticks or 
Fig. 168. Young larva and puparium wiih mange mites and most Other ver- 

Ersathing pores, of eheep tick. Greatly . , . 

enlarged. Lugg*'- miu, and IS a desirable thing to do. 

A winged form of Hippoboscid, H. equina, lives on the horse; 

another, Lipoptena cervi, on the British red deer. The members of 
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this latter genus are first winged, and are parasitic upon birds: 
later they migrate to quadrupeds, and either cast or bite off their 
wings. Most of this peculiar family, however, live upon birds. 
Any of the hawks and owls may harbor them, though the swallow 
is said to be their preference. One in our collection is labeled 
"from Grosbeak." 

The family is represented in North Amer- 
ica by forty-six species, flattened blackish or 
brownish insects, easily recognized from the 
above description. These flies are viviparous ; 
that is, the egg is hatched within the mother, 
the maggot passing its entire larval life in 
her body, and is born when it is full grown 
and ready for the pupal stage. 

In our collection we have the following 

Minnesota species: Mehphagus ovinus, Linn.; 

Ornithomyra ariailaria, Linn. (on snow-bird) ; 

^%tMy ^Xr^i^^Hol^i Ornithoctona erythrocephala, Leach, (on 

S>iightinOrm.,rod'sRfport broad-wingcd hawk); Olfersta americatta. 

Leach, (from barred owl) ; O. brunnea, Ohv. (on night hawk) ; 0. 

ardete, Macq. (on bittern). 



ic-fly from Grosbeak. Lugger. 
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NYCTERIBIIDAE, 
Bat Ticks. 



Fig. 16£. Female Bat-tick, eliowing peculiar appcaiance of upper suiface. Fidui Sharp. 

Individuals of this family are rare. North America has only 
five species, belonging to four genera, and we have never taken them 
in Minnesota. They are wingless, and live parasitically on bats. 
They have no compound eyes. Their reproduction is like that of the 
Hippoboscidae. 

BRAULIDAE. 
Bee Louse. 



Fig. 163. Bet Louse. After Meiuerl. 

One representative known, Braula cocca, about one-sixteenth of 
an inch long, which lives as a parasite upon the honey bee, and is said 
to be especially fond of the queen bee on account of the exposed 
membranes between its body segments. It has no wings, and no com- 
pound eyes, yet in spite of its name, coeca, it is not blind. It is believed 
that its reproduction is like that of the Hippobosdds and Nycteribiids, 
though there is doubt expressed upon this point. 



Also printed as Bulletin No. 94 of this Station. 



FERTILIZER TESTS WITH WHEAT AND CORN. 



HARRY SNYDER. 

Frequent inquiries have been received at the Experi- 
ment Station in regard to the use in this state of com- 
mercial fertilizers for increasing the yield of crops. It 
v^as deemed that the question was of enough importance 
to vsrarrant undertaking investigations to determine the 
extent to which applications of the various plant food 
elements in commercial forms would increase the yield 
and quality of wheat and corn. On account of the limited 
funds available, the tests that have been made and are re- 
ported in this bulletin are largely preliminary to further 
investigation along this line. 

The general plan of the investigation was to apply 
nitrogen, phosphoric acid and potash fertilizers, singly 
and in combination, to quarter acre plots of wheat, with 
the object of determining the influence of these fertilizers 
upon the character of growth and upon the yield. A 
number of former students of the School of Agriculture 
co-operated in this work, and also some others who 
are interested in questions of fertility. 

In some localities a serious difficulty experienced in 
the growing of wheat has been the heavy growth of straw 
and the failure of the grain to properly fill. It was hoped 
that some data might be secured from these experiments 
as to the cause of this unbalanced development of the 
wheat plant. 

The Experiment Station supplied the fertilizers, while 
those who co-operated in the work furnished the necessary 
labor, and in many cases bore the additional expense of 
having the grain from the plots separately threshed. The 
tests included a variety of soils, but principally those that 
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had been under long cultivation and were in a compara- 
tively low state of productiveness. 

Similar experiments were made about fifteen years 
ago, and it was then found that commercial fertilizers 
gave but little increase in the yield of grains on the 
various soil types of the state. As most of the soils at 
that time were comparatively new, the use of commercial 
fertilizers failed to make any appreciable returns in crop 
yields. Since the decline in yield has been more noticeable 
during the past fifteen years, it was believed that the time 
had arrived when the tests could be profitably repeated. 

For the experiments with wheat, five quarter acre 
plots were selected ; a complete fertilizer was used on one 
plot, and one plot was left unfertilized, while to each o^ 
the remaining three plots either nitrogen, phosphoric 
acid or potash alone was applied. 150 tbs. of a complete 
fertilizer, containing 1.68 per cent of nitrogen, 15.46 per 
cent of phosphoric acid and 1.9 per cent of potash, was 
used on the first plot. This was purchased as containing 
2 per cent of ammonia, 2 per cent of potash, and 12 per 
cent of phosphoric acid. The 2 per cent of am- 
monia is equivalent to 1.66 per cent of nitrogen. Of 
the total phosphoric acid, 1.35 per cent was in water 
soluble form and 9.25 per cent was citrate soluble, mak- 
ing a total of 10.6 available phosphoric acid. It will be 
observed that, compared with the guaranty, the goods 
were slightly deficient in potash and phosphoric acid. It 
was not a complete fertilizer of high degree of concentra- 
tion of the plant food elements, but one which supplied 
the nitrogen and potash rather in medium amounts, and 
the phosphoric acid in liberal amount. 

On Plot No. 2, 80 tbs. of treated rock phosphate, 
containing 17.56 per cent of total phosphoric acid, was 
used. 
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Complete 
Fertilizer. 



2. 
Phosphate 
Fertilizer. 



3. 

Potash 

Fertilizer. 



Nitrogen 
Fertilizer. 



No 
Fertilizer. 



Diagram of Fertilizer Plots. — Size V4, acre each. 

To Plot No. 3, 40 lbs. of kainit, containing 13.5 per 

cent of potash, was applied, and to Plot No. 4, 40 fbs. of 
nitrate of soda, containing 15.06 per cent of nitrogen. 

At the time these fertilizers were sent out, they were 
quoted on the St. Paul market as follows : Complete fer- 
tilizer $25.00 per ton, acid phosphate $15.00 per ton, and 
nitrate of soda $50.00 per ton. Directions for applying 
the fertilizers were sent to each one who took part in the 
work. The fertilizers were spread broadcast about the 
time of seeding. In some cases they were applied with 
a drill by cross drilling after seeding. That the plots 
might be kept distinct, suitable labels for marking the 
corner stakes were supplied. 

Experiments with Wheat at London, Freeborn County. 

These experiments were carried on under the super- 
vision of Prof. William Robertson, of the School of Agri- 
cutlure. The tests were made on land which had recently 
come into the possession of Prof. Robertson and was 
adjacent to his farm. The soil had been continuously 
cropped for about thirty-five years and had probably never 
received an application of fertilizer in any form. 

It was originally soil of high productiveness, but. 

because of exclusive grain cultivation, it had been reduced 

to a very low condition as to fertility. Prof. Robertson 

stated that it was probably the poorest piece of land in 

the county. 

The land was fall plowed, and was seeded April 15th, 

the fertilizer l)eing applied a little later with a shoe drill. 

except the phosphate, which was applied bi*oadcast 
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because of its failing to work well with the drill. On May 
10th, 13th and 14th, there were exceptionally heavy 
showers, and the wet weather continued until the 5th of 
July, after which there was no more rain until the crop 
had been harvested. Prof. Robertson reported that the 
grain on the plots receiving the complete fertilizer and the 
dressing of nitrogen was noticeably taller and of a darker 
green than on the other plots, and that at time of harvest 
the grain on plot 4, the one receiving nitrogen, was about 
eight inches taller than that on plot 5, which received no 
fertilizer, the differences in height and color forming a 
dividing line between the two plots which was distinct 
from end to end. Plot No. 3, receiving the potash fer- 
tilizer, was slightly lower ground than the other plots; 
otherwise the plots were of uniform character. On Aug- 
ust 23rd all of the wheat was threshed from the shock 
and the following yields were obtained : 



Plot 1 
Plot 2 
Plot 3 
Plot 4 
Plot 5 



Kind of 
Fertilizer 



Complete, 

Phosphate, 

Potash, 

Nitrogen. 

None, 



Yield of Plot 
lbs. 



163 
108 
147 
153 
110 



Yield per Acre. 



10.8 
7.2 
9.8 

10.2 
7.3 



It is to be noted that the yields from all of the plots 
were low, and that the addition of the nitrogen fertilizer 
increased the yield about three bushels per acre, while 
the application of phosphate fertilizer had no effect what- 
ever upon the yield. On this soil, where grain had been 
grown for many years, until its crop producing power was 
reduced to about 7 bushels per acre, the addition of com- 
mercial fertilizers in the medium amounts used in this ex- 
periment, did not materially increase the yield of the crop. 
The 150 fbs. of complete fertilizer, costing $1.88, produced 
an increase of 53 lbs. of wheat, which was sold for 90 
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cents per bushel, making a loss from the use of the fer- 
tilizer of over $1.00 per plot. In the case of the nitrogen 
fertilizer, the 40 fbs. of nitrate, costing $1.00, produced an 
increase of 43 tbs. per plot, making a loss of about 60 cents 
per plot from its use. Had the fertilizer been used in 
larger amounts than 600 fbs. per acre, it is possible that 
larger yields might have been secured. From the results 
obtained, it is safe to conclude that there will be no farther 
increase in yields the second year from residual action 
of the fertilizer, because nitrogen w^as the only elerrient 
that appreciably aflfected the yields, and the results from 
the application of the nitrogen in these fertilizers are all 
secured the first year. 

In brief, it can be said that the commercial fertilizers 
did not sufficiently increase the yield to pay for the fer- 
tilizers applied, and that the yield was not increased to 
the same extent as on adjoining lands that were manured 
with farm manures and upon which a rotation of crops had 
been practiced. On farms in Freeborn County, where 
live stock is kept and a good system of farming is prac- 
ticed, 25 bushels and more of spring wheat per acre are 
often secured. 

It is quite evident that it is not possible on an old, 
run down farm to secure a large yield of wheat by means 
of one application of commercial fertilizer. Maximum 
yields at minimum cost are secured only through other 
methods of treatment, in which perhaps commercial fer- 
tilizers may form an essential part. 

Analyses of the wheat grow^n on these plots showed 
an improvement in the nitrogen content of the grain from 
the plots receiving the complete and the nitrogenous fer- 
tilizers. The grain from the plots which received the 
phosphate fertilizer contained 9.27 per cent of protein ; 
that from the plot receiving the potash fertilizer 9.71 
per cent; from the plot to which no fertilizer was applied 

10.16; from the one with the complete fertilizer 11.7; 
Avhi'e the wheat from the plot receiving the nitrogen fer- 
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tilizer contained 12.1 per cent. The application of the 
nitrogen increased the proteid content of tlie grain about 
2 per cent. The effects upon the milling and bread-mak- 
ing qualities of the wheat receiving the nitrogenous ani 
other fertilizers will be discussed in a future bulletin. 

On the farm of Mr. A. W. Trow, of Glenville, in the 
same county, similar experiments were made with oats. 
On July 24th Mr. Trow reported that he did not find any 
great difference in the growth of the crops on the plots 
receiving the different fertilizers. "However, the plot 
receiving the application of potash seemed to be pro- 
ducing straw that was a trifle more stiff than the others, 
and the plot to which the complete fertilizer was applied 
showed a somewhat heavier growth than on the adjoining 
ground that received no fertilizer.*' At the time of har- 
vest the difference in the appearance of the crop was so 
slight that Mr. Trow did not consider the results suffici- 
ently promising to warrant the crop being separately har- 
vested and threshed. On Mr. Trow's farm clover had 
been grown, live stock kept and the manure applied regu- 
larly and systematically to the soil, and under such con- 
ditions the application of commercial fertilizers did not 
appreciably influence the production of the oat crop. 

The extreme conditions under which the fertilizers 
were used on these two farms show that on land re- 
duced by continuous cropping the increased yields from 
commercial fertilizers are not to be compared with those 
secured on land where a high state of fertility has been 
secured by systematic treatment, as the use of farm 
manure, the production of clover and the rotation of 
crops. On farms where only a scant amount of manure is 
produced and where the land is in a medium state of fer- 
tility, it is possible that better showings would have been 
obtained from the use of the commercial fertilizers than 

was the case on these two farms. 

On old grain land it is especially noticeable that 
the loss of nitrogen and humus, due to continuous cultiva- 
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tion, has been one of the chief factors in the decline 
in crop producing power of the soil. This loss of nitrogen 
through the decay of the humus and no renewal of the 
humus-forming materials has been pointed out and dis- 
cussed in former bulletins of this station, particularly 
Bulletins Nos. 30, 41, 53, 65 and 89. It is to be noted in 
connection with the loss of nitrogen and humus from the 
soil that these field tests give identically the same results 
as were secured in the laboratory from the analysis of 
soils. 

Tests at the Experiment Station Farm. 

In co-operation with Prof. Andrew Bons, of the 
Division of Agriculture, experiments were undertaken at 
the University Farm. Owing to the over-crowded con- 
dition of this farm and the lack of available land, soils 
especially suitable for the purpose were not available. 
The soil allotted was in a fair state of fertility, but the 
plots were not in all respects as even as cou'd have been 
desired for experimental purposes. The grain was seeded 
April 25th at the rate of 1^ bushels per acre, and was ripe 
and ready for harvesting August 12th. The amounts of 
fertilizers applied per acre were the same as in the ex- 
periments just described. The results secured are given 
in the following table : 



Pertlilzer. 


Amount 

per 
Plot 


Amount 
Acre 


Yield per Plot 


Yield per Acre 


Straw 


Grain 

• 


Sti^w 


Grain 


Pho*ohate 


lbs. 

''0 

40 

n 

40 
150 


Ibrt. 
320 
ir»0 

ISO 
600 


1378 
1711 
12:<6 
1125 
1075 


402 
43i» 
434 
360 
360 


r.472 
6844 
4944 
45no 
430O 


Bu. 
26 8 


NiLrosren 

None 

Potash 

Complete 


29 25 
28 H 
21.. 
24. 



It is to be noted that the application of the 40 lbs. of 
nitrate of soda resulted in a gain of 5 lbs. of wheat, equiv- 
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alent to one-third of a bushel per acre. The other fertil- 
izers failed to produce any increase in yield. In fact, the 
check plot, or the plot receiving no fertilizer, gave a larger 
yield per acre than the plots receiving either potash, phos- 
phate or the complete fertilizer. In the complete fertil- 
izer, the nitrogen was in the form of tankage which, be- 
cause of the slower action of nitrogen in this form, may 
perhaps account for the failure to give results. A large 
increase in the weight of straw was secured from the 
application of the nitrogen, there being nearly a ton more 
per acre than from the check plot. The fact that lower 
yields were secured on all the plots, except the one receiv- 
ing nitrogen, while no increase was secured from the com- 
plete fertilizer, is unusual, and there is no apparent reason 
why a slight decline should have followed the application 
of the potash and phosphate fertilizers. It is possible that 
during coming years they may result in increasing the 
yields. 

It is evident that, with a soil in such condition as that 
used for these experiments at the Experiment Station 
Farm, commercial fertilizers are not economical. On this 
land producing 27 bushels of wheat per acre any additional 
increase does not appear to have been secured from the use 
of mineral fertilizers, and the application of nitrogen was 
not economical, as it resulted in an increase of only about 
one-third of a bushel per acre. 

Experiments at Benson, Swift County. 

These experiments were made on the farm of Dean 
W. M. Liggett, under the supervision of Mr. Alec. Boss, 
foreman. The land was of an entirely diflferent character 
from that used at the Experiment Station or in Freeborn 
County, where the experiments previously recorded were 
made. The land was in a fair state of fertility and had, 
a few years previously, produced a good crop of clover, 
and was a type of soil which gave "a rank growth of straw, 
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though in some instances the wheat failed to fill and ripen 
normally." The wheat was sown about April 1st, and the 
fertilizers were applied a few days later in the same 
amounts as previously given. The plots were harvested 
and threshed separately. The plot receiving the complete 
fertilizer produced 151 sheaves of wheat; the plot fertil- 
ized with phosphates alone 148; the plot fertilized with 
nitrogen 128, and the one without fertilizer 125. Mr. 
Boss reported at the time of harvest that the plot receiv- 
ing the potash fertilizer produced wheat with strong 

straw, of excellent color and apparently well filled. The 
plot receiving the nitrogen did not ripen quite as rapidly 

as the other plots. The following yields per acre were 

secured from the different plots : 



Plot No. 


Kind of 
Ferti'izer 


Vir-M p-r 
Plot 


Yield per 
Acre 


1 : 

2 

3 


Complete, 

Phosphate, 

Potash, 

Nitrogen, 

None, 


6 bu 
5 bu. 
.*■> bu. 
4 bu. 
4 bu. 


24 bu. 
SObu. 
20 bu. 


4 


16 bu. 


5 


16 bu. 







On this farm, where clover had been grown, nitrogen 
alone failed to show any beneficial results, but the phos- 
phoric acid and potash fertilizers each gave an increase 
of four bushels per acre, while the complete fertilizer, in 
which these two elements were both present, caused a 
further increase of four bushels. Thus the joint use of pot- 
ash and phosphoric acid resulted in an increase of eight 
bushels per acre, while the use of each singly gave an in- 
crease of only four bushels. In the case of the complete 
fertilizer, the nitrogen was supplied at a loss. The eight 
bushels of wheat were secured from the use of 600 pounds 
of complete fertilizer, costing $7.50 per acre. At the time 
of harvest this increase in yield was just about sufficient 
to pay for the fertilizer used. In the case of the phosphate 
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fertilizer, a gain of four bushels of wheat was secured 
from the use of $1.20 worth, making a net gain of about 
$2.50 per acre. It is quite evident that a complete fertil- 
izer cannot be used economically at the rate of 600 tbs. per 
acre where an increase of only eight bushels per acre. is 
obtained. In order that a commercial fertilizer may be 
used profitably, the nitrogen must be obtained through the 
production of clover, as was the case on this farm. Since 
this soil was well supplied with nitrogen, the phosphoric 
acid and potash were both used to advantage, resulting in 
a financial return from their joint use. Commercial fer- 
tilizers cannot be indiscriminately used upon all soils. In 
these trials beneficial returns were secured from the use 
of phosphoric acid and potash, and it was found unneces- 
sary to supply nitrogen in commercial forms, while in 
the previous experiments, on land where clover had not 
been grown, applications of nitrogen were found slightly 
beneficial, but not economical. 

A chemical analysis was made of the wheats grown 
upon the several plots, and the following results were 
obtained. 



Kind of Fertilizer, 



Niirogen 

Complete 

Phosphate 

No Pcriilizer 



Protein 



Ash 



15.H» 




14 8 


l.TS 


13 75 


1.79 


14.44 


1.96 



It is to be noted that, as in previous experiments, the 
application of nitrogenous fertilizers slightly increased the- 
content of nitrogen in the grain. The effect of this gain- 
in nitrogen upon the milling and bread making qualities- 
of the wheat will be discussed in a following bulletin. 

Experiments at Lynd, Lyon County. 

These experiments were made upon the farm of Mn. 
O. C. Gregg, Superintendent of Farmers' Institutes. Mr^ 
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Gregg states that special credit is due to Mr. W. C. Palmer 
in making the tests, particularly in staking off the plots 
and supervising the cutting and threshing of the grain; 
in this work Mr. Palmer was assisted by Mr. Tucker, the 
farm foreman, and by Mr. Carl Peterson. In these ex- 
periments oats were grown instead of wheat, and in addi- 
tion special tests were made with a phosphate fertilizer on 
wheat. A comparative test was also made with barn- 
yard manure. Mr. Gregg reported that the plot receiving 
the barnyard manure yielded 76 bushels per acre. The 
other plots gave the following yields : 





Kind of 
i'ertllizer 


Yield per Plot 




Plot No. 


Grain 
Lbs. 


Yield per Acre 


1 

2 

3 


Complete. 
Phosphate, 
Potash, 
Nitrogen, 
No Fertilizer, 
Barnyard Manure 


650 
530 
540 
560 
592 

• • • ■ • 


88% bu. 
66% bu. 
67% bu. 
70 bu. 
74 bu. 


4 

5 


6 


76 bu. 







The plot receiving 150 lbs. of phosphate fertilizer 
yielded 20 bushels of wheat and 3652 fbs. of straw, while 
the adjoining acre of land," to which no fertilizer was ap- 
plied, produced 20 and two-thirds bushels of wheat and 
4190 tbs. of straw. In this test, made on an acre plot, the 
phosphate fertilizer failed to increase the wheat yield. 
When this experiment was undertaken, it was believed 
that an application of phosphate fertilizer would assist the 
grain to fill more perfectly and would produce a larger 
yield, but these results were not secured. In the experi- 
ments with oats, the farm manure produced better yields 
than nitrogen, phosphoric acid or potash alone, but not 
quite as good a yield as the complete fertilizer. The in- 
crease from the complete fertilizer was 14^4 bushels per 
acre, but at this rate of increase the fertilizer was used at a 
financial loss. As oats are a strong feeding crop, it 
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is possible that some of the fertilizers might have shown 
diflferent results with other grains, but so far as the test 
of a single season goes the fertilizers did not cause an in- 
crease in the yield of oats sufficient to pay for the fertilizer 
used. On Mr. Gregg's farm clover has been grown for a 
number of years, and consequently there is no reason why 
expensive nitrogenous fertilizers should be used for sup- 
plying the crops with nitrogen. As far as the minerals are 
concerned, it does not appear that this soil has yet reached 
that stage where mineral fertilizers are necessary, except 
possibly in cases arising from unbalanced growth of crops. 

Experiments at Montevideo, Chippewa, County. 

These tests were made by Mr. O. M. Olson, a grad- 
uate of the Minnesota School of Agriculture. Mr. Olson's 
report as received is given : 

"The ground was old and had not been manured for many years. 
It was dragged before the grain (wheat) was drilled. The grain 
was sown April 5th, and the fertilizer applied April 11th, when the 
ground was again dragged. Fertilizer sown by hand. The plots were 
30 ft. wide and of sufficient length to approximate a quarter of an 
acre. Border grain was sown on all sides of the experimental plots. 
160 lbs. of complete fertilizer was sown on Plot 1. 40 lbs. of nitro- 
genous fertilizer on Plot 2. Then came a check plot. 80 lbs. of 
phosphate on plot 3, 40 lbs. of potash on plot 4, then two more check 
plots. All of the plots were uniform in size. Prior to harvesting, 
the following field notes were taken. Three estimates on crop con- 
dition and three measurements for height on similar parts of the plots 
were made and averaged. 

Plot 1 showed no signs of crinkling or lopping of heads. Heads 
were large; average height 44 inches; a condition percentage of 85. 

Plot 2 showed no crinkling; not as early in maturing, average 
height 43 inches, condition 80 1-3. 

Check Plot. Heads apparently smaller, a trifle more matured 
than No. 2. Not so much sign of stiffness of straw; average height 
41 2-3 inches; condition 11 2-3. 

Plot 3 showed a weaker straw than any of the others, though 
not bad in any degree; no appreciable difference in heads; height 
43 1-3 inches; condition 81 2-3. 
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Plot 4 showed a good, stiff straw, but lacked in height and size 
of heads. Height 41 inches; condition 11. 

The other check plots were in keeping with the first, except for 
trifling variations in height and condition. 

The results told by the threshing machine were practically in 
keeping with the growing estimates. Plots were threshed separately 
and yields reckoned by the machine's automatic weigher. . Composite 
samples of each plot were taken and comparative grade made of each. 



Plot 
No. 


Fertili- 
zer 


HcJghtin 
inches, 
3 meas 

urements. 
average 


Yield 
ba. 


Grade 
per cent 


Yield 

per 

Acre 


Con. in 
Growinflr, 
Aver, of 3 
Measurements 


I 
2 
3 
4 
Check Ptots 


Complete 
Nitrogen 
Phosph'te 
Potash 


44 
43 

41 
41Mj 


6 25 

5 

6 

5 

6 


93 
87 
89 
»4 
90 


25 
20 
24 
20 
20 


85 
80% 

81% 

77 
78 



From Mr. Olson's report it will be observed that the 
phosphate fertilizer gave an increase of four bushels per 
acre over the plots receiving no fertilizer. No increase 
was secured from either the potash or the nitrogen alone. 
In the case of the complete fertilizer, 5 bushels per acre 
were obtained, a bushel more than from the phosphate fer- 
tilizer alone, showing that the more expensive complete 
fertilizer is used at a loss when only one element of fer- 
tility, as phosphorus, is needed by the soil. The four 
bushels increase from the phosphate fertilizer was 
secured from $2.40 worth of fertilizer. 

Experiments at Hanska, Brown County. 

These experiments were conducted by Mr. Carl 
Olstad, a graduate of the Minnesota School of Agriculture. 
Mr. Olstad reported that the complete and the nitrogenous 
fertilizers produced better appearing crops than either the 
potash or the phosphate fertilizer when used alone, and 
that on the plots receiving nitrogen the grain was six 
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inches higher than on the other plots; but the nitrogen 
retarded the ripening of the grain. There was a little 
heavier stand of grain on the plot receiving the complete 
fertilizer. The plot receiving the potash fertilizer pro- 
duced a very bright straws and one of good quality. The 
weakest straw was produced on the plot receiving the 
nitrogen fertilizer. On all of the plots clover and timothy 
were seeded with the grain, and on the plot receivin.e the 
phosphate fertilizer the stand of clover was exceptionally 
good, equal to that on the plot receiving the complete fer- 
tilizer, while the clover on the plot receiving the nitrogen 
did not appear to be especially benefited, neither did that 
receiving the application of potash. It is to be noted that 
the phosphate fertilizer was especially beneficial in en- 
couraging the growth of clover, and Mr. Olstad stated 
that he believed lack of available phosphoric acid in the 
soil was in part accountable for the failure of clover to 
establish itself on old and wornout farms. At the time 
of harvest, through a misunderstanding, the farm help 
failed to keep the plots separate, so that separate thresh- 
ing of the plots, as was intended, could not be carried out. 
Mr. Olstad reported that he did not believe any large 
differences would be observed in the yields of the separate 
plots indicating any marked superiority of the different 
fertilizers. 

Experiments at Renville, Renville County. 

These experiments were conducted by Mr. N. J. 

Holmberg, a graduate of the School of Agriculture, who 

writes : 

"The results of the experiments with the commercial fertilizers 
are as follows. The results are given in bundles, as it was impossible 
for me to thresh the plots separately. 

Complete fertilizer 95 bundles 

Potash fertilizer 92 

Nitrogen fertilizer 90 

Phosphate fertilizer 90 

No fertilizer 85 
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I think the reason the complete fertilizer gave the best result 
is that it distributed much more evenly than the other fertilizers. 
The grain drill was used with good result on the complete fertilizer, 
but the other fertilizers would not feed in the drill without some 
agitation and consequently the distribution was not as even as of. 
the complete fertilizer. The phosphate was exceedingly difficult to 
distribute except by hand. The nitrogen was applied somewhat un- 
evenly and the grain lodged in spots, which was probably due to too 
heavy application in patches. The grain was all good in quality. The 
land used was high, good land, but had not received any fertilizer 
before. I think that it is hard to draw any definite opinion from 
this one trial, as the conditions were exceptionally favorable for a 
good crop. Land that was thought worn out gave a heavy crop of 
wheat here. This was high land, and we had moisture enough to 
give the best results. This acre, divided into five plots, will make a 
yield of at least 25 bushels." 

Experiments at St. Cloud, Steams County. 

These trials were conducted by Mr. Arthur Cooper, and 
the fertilizers were applied to wheat and oats grown to- 
gether as "Succotash," to be used for feeding purposes. 
The fertilizers were mixed and used thus on an acre and a 
half of land, forming a complete fertilizer. Mr. Cooper re- 
ports that from this acre and a half about 8 bushels more 
grain was secured than where common stable manure had 
been applied. 

Experiments with Com. 

Similar experiments to those with wheat were carried 
on with corn. The same fertilizers were sent out in 
amounts sufficient for approximately }ith of an acre each. 
The reports received from those who made the fertilizer 
trials with corn are given in the following pages. All of 
the trials were made either upon the farms or under the 
supervision of graduates of the Minnesota School of Agri- 
culture, and to them special credit is due for so painstak- 
ingly carrying out the details of the tests and reporting 
the results. 
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Experiments at the University Farm, St. Anthony Park. 

These tests were made in co-operation with the 
Division of Agriculture. 

University of Minnesota No. 13 corn was sown on 
all of the plots May 1st. The plots were so arranged that 
there were twelve rows of corn in each plot. The corn 
was husked on Nov. Uth, and the following weights per 
acre of stover and corn were obtained: 



Plot 
No. 


Kind of 
Ftrtllixer 


Weight of 

Corn 

per Plot 


Wei»ht of 

Stover 
per Plot 


Bushels of 

Corn 
per Acre 


Weight of 

Stover 

per Acre 

Tons 


1 


Nitrogen, 


460 


348 


53.2 


1.4 


2 


Phosphate, 


309 


35i 


36.5 


1.4 


3 


Potash. 


664 


506 


64.1 


2.1 


4 


Complete, 


514 


457 


59.4 


1.9 


5 


None, 


500 


442 


57.8 


1.8 



From the results it will be observed that on the plot 
where no fertilizer was used 57.8 bushels per acre were 
secured, while the plot to which the complete fertilizer was 
applied produced 59.4 bushels. The largest yield was 
obtained from the plot to which the potash was applied,, 
and the smallest from the plot receiving the phosphate 
fertilizer. 

Since these experiments are to be repeated the pres- 
ent year, no conclusions are drawn. It is evident, how- 
ever, that the nitrogen, phosphate and complete fertilizer 
did not increase the yield of the grains, and whether the 
6.3 bushels per acre increase on the plot receiving the 
potash fertilizer was due to other causes cannot be deter- 
mined from the conflicting data secured. The potash in 
the complete fertilizer failed to produce any appreciable 
gain, although when used alone and in larger amounts an 
increase of 6.3 bushels resulted. As far as the grade of 
the corn is concerned, there appeared to be little difference 
between that produced on the several plots, as all were 
graded the same in size and general character. 
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Experiments at New Ulm, Brown County. 

These experiments were made upon the farm of Mr. 
Herman Pfaender. Mr. Pfaender's report of the yields 
from the plots to which the various fertilizers were ap- 
plied is as follows: 

"The corn was planted May 13th. Seed used U. of M. No. 13. 
Land, a very poor, sandy ridge. All land had previously been given 
a coat of barnyard manure, applied with spreader at rate of 15 loads 
per acre. The commercial fertilized plots all showed more vigor 
from the very first. In stalks, the potash ranked first, next nitrogen, 
next complete fertilizer, next phosphate. To make the comparison 
in yield, I husked only 50 hills of each kind, which yielded as follows: 

Complete fertilizer 51 lbs. 

Potash fertilizer 48 lbs. 

Nitrogen fertilizer 54 lbs. 

Phosphate fertilizer 28 lbs. 

No commercial fertilizer used 26 lbs." 

From the tests made by Mr. Pfaender, it is evident 
that nitrogen and potash were the controlling elements 
in causing the increase in yield of the corn and that, under 
the conditions of the experiment, the potash was used 
advantageously, as it increased the yield more than 
enough to pay for itself. As to the nitrogen, it could have 
been obtained from cheaper sources, as indirectly by the 
production of legumes, although its joint use with the 
potash increased the yield. 

Experiments at Zumbro Falls, Wabasha County. 

These experiments were carried on by Mr. David 
Boss, who furnished the following report : 



Plot No. 


Kind and Amount of Pertiliier 


Lbs. Corn 


Yield per Acre 


1 


Good coat of barnyard manure, 


390 


43.2 


2 


SO lbs. complete fertiltxer, 


335 


37.2 


3 


20 lbs. Nitrojrcn. 


309 


34.3 


4 


40 lbs. Phosphate, 


326 


36. 


5 


20 lbs. Potash, 


3d4 


40.4 


6 


No fertiliser at all, 


308 


33 8 
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"The plots were yi of an acre each. The soil of these plots had 
been under cultivation about 40 years. During that time it had 
raised 3 or 4 crops of clover hay and received two coats of manure. 
The plots were planted to Minn. 13 corn the 10th day of May, and 
cut the 10th day of September. The corn on Plots 1 and 5 seemed 
considerably firmer on the cob than that on the othor plots." 

It is to be observed that the application of the 
nitrogen fertilizer scarcely nffc^r^' *'- • \i^I'l, and the phos- 
phate increased the yiokl only z.2 bushels per acre. The 
potash alone gave bettt^r returns than when used in the 
complete fertilizer. The largest returns w^ere secured 
from the ; 'ot receiving the dressing of farm manure. It 
is doubii.il whether commercial fertilizers can compete 
with farm manure in the production of corn under the con- 
ditions described in this test. 

Experiments at Elk River. 

These experiments were conducted by Mr. Samuel 
R. Houlton, who sent the following report : 

"I would say with regard to fertilizer experiment on corn, the 

fertilizer was applied on level piece of fairly good sandy loam soil 

which had received no manure for about three years. The following 
are yields received per plot: 

Bushels. 

Nitrogen 9^4 

Phosphoric acid 95^ 

Potash 9y2 

Combination fertilizer 9}i 

No fertilizer 9}i to 914 

Barnyard manure, rather heavy 11 

Variety of corn used, Minn. No. 13." 

The nitrogen, phosporic acid and potash, whether ap- 
plied alone or in combination, had little effect upon the 
yield, as practically the same amount was obtained from 
each plot, but the application of barnyard manure in lib- 
eral amounts caused an increase oi 1^2 bushels of ear corn 
per plot, or 12 bushels per acre. As in the preceding ex- 
periments, the effect of farm manure in increasing the 
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yield of corn was more pronounced than of the commer- 
cial fertilizers. 

Experiments at Buffalo, Wright County. 

These experiments were conducted by Mr. R. N. 
Mills, who reports that he secured the following yields 
from the application of the various fertilizers: 

Bushels. 

"Nitrogen 13J4 

Phosphate 13 

Potash 14^ 

Complete fertilizer 13 

No fertilizer 13j^ 

The fertilizer was applied to corn in six rows of the required 
length, the different plots being side by side. The corn was a 
yellow dent that had been raised in this part of the country for at 
least 20 years." 

It is to be noted that the fertilizers had no appreciable 
effect in increasing the yield, with the exception of the 
potash, which caused an increase of about eight bushels 
of ear corn per acre. 

Experiments at Worthington, Nobles County. 

These experiments were conducted by Mr. Milton 
Ludolw, who reports that on the plots to which the com- 
plete and potash fertilizers were applied the stand was un- 
even because of partial destruction of the crop by gophers, 
and the yields from these plots were deficient on that 
account. From the quarter acre plot fertilized with the 
nitrogen 20 bushels of corn were secured, while the plot 
to which the phosphate fertilizer was applied yielded 22 
bushels. The adjoining field, which received no fertilizer, 
yielded corn at practically the same rate as the plots on 
which the phosphate and nitrogen fertilizers were used. 

Experiments with Potatoes at North Branch, Pine Co. 

These experiments were conducted by Mr. Thos. H. 
Horton on land that had been in clover and timothy the 
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preceding year. The soil was in good condition as to- 
fertility. The plots were uniform, with the exception of 
the one to which nitrogen was applied, where there was 
a slight rise at the end of the plot. Mr. Horton states 
that it is possible the poorer showing of this plot may have 
been due somewhat to this. The proportion of 
small and defective potatoes from each plot was about the 
same. The yields of sound potatoes from the several plots 
were as follows : 



Plot No. 


Kind of Fertilizer 


Bushels per Plot 




1 


No Fertilizer. 


22V2 




2 


Nitrogen, 


20 




3 


Complete, 


25 




4 


Phosphate, 


201^ 




5 


Potash, 


19 





The yield of all of the plots was somewhat affected 
by blight. Neither the potash, phosphate nor nitrogen, 
when applied alone, appeared to appreciably increase the 
yield, but when the complete fertilizer, containing all of 
the elements, was used there was a slight increase in the 
yield, not sufficient, however, to pay for the fertilizer. 
The fertilizers will probably make themselves felt later 
in the production of clover, and a part of their value be 
returned indirectly in this way. As far as direct benefit 
to the potato crop was concerned, the increase in yield 
was not sufficient to pay for the fertilizers used. 



SUMMARY. 

STTMMABT TABLE. -Experiments with Wheat and Oats. Fertilizer Trials. 

BUSHELS PER ACKE. 



Lynd 
(Oats) 



No Fertilizer.. 

Complete 

Phosphate 

Nitrogen 

Potash 

Farm Manure 



London 

Old Wheat 

Land 


Benson 

Clover 

Land 


Monte- 
video 


Ex. 
Station 


Lynd 


7.3 
10.8 

7.2 
10.2 

9.8 


15 
24 
20 
16 
20 


20 
25 
24 
20 
20 


27.25 

24. 

26.8 

29.25 

24. 


20% 
20 

• •••• • 



74. 

8«.25 

66.25 

70. 

67.5 

76. 



8TJMMABT TABLE.— Experiments with Corn. Fertilizer Trials. 



Nitrogen 

Phosphate 

Potash 

Complete 

No Fertilizer... 
Farm Manure. 



Ex. 




Zumbra 


Elk 


Station 


•NewUlm 


Falls 


River 


Bu. 


Pounds 


Bu. 


Bu. 


per acre 




per acre 


per acre 


53.2 


54 


34.3 


38 


86 5 


28 


36. 


38 


6+.1 


48 


40.4 


38 


59.4 


51 


37.2 


38 


57.8 


26 


33.8 


37 






43 2 


44 



Worth- 
ington 

Bu 
per acre 



80 
88 



84 



•Per 50 hills. 



It is to be observed in the case of the old. soil that 
was reduced in crop producing power because of exclus- 
ive grain culture until it produced only 7 bushels of wheat 
per acre, that an application of nitrogen, phosphoric acid 
or potash, alone or in combination, did not result in rais- 
ing the yield more than 3.6 bushels per acre, not enough 
to pay for the fertilizers. The commercial fertilizers 
failed to give as large yields per acre as was 
secured from adjoining land kept in a good state of 
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fertility by the rotation of crops, the use of farm manures 

and the cultivation of clover. 

On a grain-cropped soil, w^here clover had been 
grow, applications of phosphoric acid and potash resulted 

in increasing the yield 8 bushels per acre, sufficient to pay 

for the fertilizers used, while the addition of nitrogen 

did not prove economical. 

In one of the experiments phosphoric acid alone gave 
beneficial results, causing an increase in the crop yield of 
four bushels per acre, and in other tests its use produced a 
better stand of clover. 

At the Experiment Station, on land in a fair state of 
fertility which without fertilizers produced 27 bushels of 
wheat per acre, no appreciable increase was secured from 
the use of commercial fertilizers. 

The addition of nitrogen-containing fertilizers to old 
and exhausted wheat soils increased the protein in the 
grain from one to three per cent. The influence of this 
increase of protein upon the value of the grain for milling 
and bread making purposes will be discussed in later 
bulletins. 

In the experiments with corn, it was found that in 
three of the tests potash gave beneficial results, insuf- 
ficient, however, to pay for the fertilizer used. In two 
of the tests phosphoric acid appeared to exercise a bene- 
ficial influence upon growth. In the trials where com- 
mercial fertilizers were compared in crop producing power 
with farm manure, better results were secured from the 
use of farm manure than from the commercial fer- 
tilizers. 

It is not possible to draw definite conclusions from 
trials conducted during one season only, but the results 
taken as a whole indicate that commercial fertilizers 
should not be used indiscriminately on old soils with a view 
of securing large yields, and it is not feasible by the use of 
commercial fertilizers alone to economically restore the 
fertility to soils that have been impoverished by exclusive 
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cropping to small grains. Commercial fertilizers are of 
great value when judiciously used in a rotation of crops 
and for encouraging the growth of legumes, as clover, so 
as to add nitrogen to the soil from atmospheric sources. 
It is believed that when they are used in this way they will 
prove beneficial and remunerative. Before using them in 
large amounts it is recommended that farmers first make 
preliminary trials on a small scale to determine 
the actual needs of the soil so that unnecessary ele- 
ments of plant food be not purchased. Commercial fer- 
tilizers cannot take the place of farm manures or crop 
residues, particularly those from clover and timothy, for 
permanently improving the soil, but they can be used as 
an aid in the production of some crops, and for assisting 
in the production of others, as clover, which are in turn 
beneficial in adding nitrogen and humus to the soil. 

The extent to which commercial fertilizers can be 
used in a rotation of crops and in a general system of 
farming is to form the basis of future investigations and 
reports. 



THE LOSS OF NITROGEN FROM SOILS. 

; HARRY SNYDER. 

In former bulletins the influence of different methods 
of farming upon the nitrogen content of soils has been 
discussed and in the case of those that have been exclusive- 
ly cultivated to grains it was found that large losses of 
nitrogen occur. In some of the experiments at the Uni- 
versity Farm it was learned that the main loss of nitrogen 
is due to oxidation of the humus, of which nitrogen is one 
of the constituent elements, rather than to the removal 
of large amounts by the grain crops. A crop of wheat 
yielding 30 bushels per acre removes less than 40 pounds 
of nitrogen per year, but tests have shown that in twelve 
years of exclusive grain cultivation the loss of nitrogen in 
the case of rich soils has approximated 1600 lbs. per acre. 
Numerous analyses of soils that have been under cultiva- 
tion for different periods have shown similar losses of 
nitrogen. In some cases the losses have been very large, 
while in others, where mixed farming was followed, they 
have been comparatively small. 

In order to determine the extent to which losses of 
nitrogen occur from an average farm, experiments upon a 
number of typical farms in the state were undertaken in 
1895. Samples of soils from representative fields were ob- 
tained and analyzed. Ten years later samples from the 
same fields were again taken and analyzed, and the extent 
to which losses of nitrogen had occurred was determined. 
The soils were originally sampled by young men who were 
then students of the Minnestota School of Agriculture; 
about ten years later other samples were taken by the 
same persons and from the same places and fields. It is 
believed that this gives a reasonable basis for making com- 



SOIL INVESTIGATIONS. 189 

parisoii as to the extent of the losses of nitrogen from 
these fields. 

At Kennedy, Kittson County, a soil of unusually high 
fertility contained in 1895 .601 per cent of nitrogen. It is 
seldom that a soil is found with such a large amount, but, 
as pointed out in previous bulletins, the soils of the Red 
River Valley are excessively rich in nitrogen except in 
cases where they have been under long periods of cultiva- 
tion. After ten years of exclusive grain farming, in which 
wheat was the main crop produced, the land being one 
year in fallow, the soil contained .523 per cent of nitrogen, 
a loss during that time of 2,000 pounds per acre. 
The wheat crops during this ten year period re- 
moved less than 350 pounds . Hence the heavier 
losses have occurred through too rapid decay of the 
humus, of which nitrogen forms a part, and sub- 
sequent loss of the soluble nitrogen in the drain waters, 
and by the formation of volatile compounds of nitrogen. 
The soil still contains a large amount of nitrogen; in fact, 
ten times more than is found in some soils that are pro- 
ducing fair yields of wheat. The loss of nitrogen from 
this soil has not been sufficient as yet to appreciably aflfect 
its crop producing power. 

At Childs, Wilkin County, in the central western part 
of the state, a sample of soil in 1895 contained .422 per 
cent of nitrogen, and ten years later .389 per cent. On 
this farm live stock has been kept and, in addition to 
wheat, corn and other crops have been grown. Once dur- 
ing the ten year period manure at the rate of 8 tons per 
acre was applied to the land. No clover or grass crops 
have been grown. It is to be noted that from this farm, 
where the soil is rich in nitrogen but contains less than the 
soil in the preceding experiment, the losses have been 
proportionally less, due in part to the different systems 
of soil treatment practiced. A loss of .033 per cent of 
nitrogen in ten years is equivalent to a loss of nearly 1,000 
pounds per acre. It is estimated that one-third of this 
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has been removed by the grain crops and two- 
thirds have been lost in other ways. The large amount 
of nitrogen in this and the preceding soil occasionally 
makes itself manifest in unbalanced crop growth, the 
nitrogen becoming available in larger proportional 
amounts than the phosphoric acid and potash of the soil, 
and as a result the crop makes a rank growth of straw 
and a restricted yield of grain. On some of these rich soils 
it is often difficult to adjust a satisfactory rotation of crops, 
as the farther addition of organic matter sometimes un- 
favorably affects the balance of the plant food. These 
soils are exceedingly rich in nitrogen and can, without 
seriously impairing the crop producing power, sustain 
farther losses, but heavy losses should be prevented as 

they are unnecessary and will, if continued, make them- 
selves felt in an impoverished condition of the soil. If 

more live stock were kept and mixed farming were more 
extensively followed, the losses of nitrogen would be much 
reduced. 

At Hutchinson, McLeod County, in the central part 
of the state, soil in 1896 contained .286 per cent of 
nitrogen, and ten years later the same field showed .247 
per cent. Wheat, oats, corn and barley have been the 
crops produced during this time. The land has received 
a dressing of farm manure, but no clover or grass crops 
have been grown. It is to be observed that, during the 
ten years, a loss from the soil of .039 per cent of nitrogen 
has taken place, amounting to nearly 1200 pounds, a much 
larger loss than the amount required as food for the crops 
produced. It has been observed in former work that the 
heaviest losses of nitrogen occur in the case of soils which 
contain the largest amounts of nitrogen, and that the fer- 
mentation and decav of the humus is much slower in soils 
where the content of humus and nitrogen is comparatively 
small. It is the rich soil that suffers heaviest losses. It 
is to be noted that, in the case of mixed grain farming as 
in this last example, even where manure is periodically re- 
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turned to the land, if no grass crops are grown loss of 
nitrogen is continually taking place. The soil, however, 
is still rich in nitrogen and produces good crops of wheat, 
but if a rotation were followed in which clover formed an 
essential part, this loss of nitrogen would be checked. 

A soil in the Chippewa River Valley, in the south- 
western part of the state, in 1895 contained .363 per cent of 
nitrogen. Since that time it has produced wheat, oats and 
com and received one light dressing of manure. At the 
end of ten years of cultivation the soil contained .24 per 
cent of nitrogen, a loss of .12 per cent. Notwithstanding 
this loss, the soil is still rich in nitrogen and the crop pro- 
ducing power has not been affected. Unless clover is 
grown the loss will, however, in a few years make itself 
felt materially in the reduced grain yields. 

A soil at Lakeville, Dakota County, contained in 
1895 .31 per cent of nitrogen. During the subsequent ten 
years wheat, oats, corn and clover were grown. The land 
was manured once during this period, at the rate of 20 
tons of manure per acre. Mixed farming has been fol- 
lowed and only a small amount of grain has been sold from 
the farm. This s)^stem of farming has had a marked effect 
upon the nitrogen content of the soil, as, after ten years 
of cultivation, .309 per cent of nitrogen was found, prac- 
tically the same amount as at the beginning. Live stock 
was the principal product sold from this farm, the income 
being derived from the sale of sheep, hogs and cattle. 
Practically all of the crops raised on the farm were fed to 
the live stock. The farm crops were supplemented by the 
purchase of a small amount of bran and shorts. Under 
this system of farming the yield of wheat has been in- 
creased and the last year that wheat was grown an aver- 
age of 28 bushels per acre was secured. The rotation 
followed upon this land was wheat, seeded to clover; one 
year of meadow; followed by corn to which manure was 
applied; and then two grain crops following the corn. 
Because of the production of clover, practically no loss of 
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nitrogen has occurred. Losses of phosphoric acid and pot- 
ash have been very small. The effect of the farm manure 
upon the soil has more than offset the small amount of 
mineral matter lost in the live stock and farm products 
which have been sold. In fact it is largely the action of 
the farm manure upon the mineral matter of the soil, mak- 
ing it more active and available as plant food, that has re- 
sulted in incresing the crop producing power of this soil. 
Since clover has been a prominent factor in building- 
up the fertility of. soils, it occupies a unique and important 
position among farm crops, and the conditions affecting 
its growth have naturally received a good deal of con- 
sideration from both scientists and practical farmers.* At- 
mospheric nitrogen acquired by the action of the bacteria 
which are on the clover roots is the source of the increase 
of nitrogen in soils where clover has been grown. In 
order to insure the action of the clover root bacteria, in- 
oculation of seed and soil with the characteristic organ- 
isms has been proposed, and in many instances it has ma- 
terially assisted in the production of better crops of clover 
and the addition of larger amounts of nitrogen to the soil. 
Various forms of inoculating materials or cultures have 
been proposed, as soil taken directly from a field where 
clover has grown and produced root nodules, leachings 
from such soil, prepared liquid cultures, and prepared dry 
cotton cultures. The extensive publicity given to the pro- 
duction of the Itter has resulted in many letters in regard 
to their value being received at the experiment Station. 
About twelve years ago the late Dr. Lugger then Bot- 
anist of the Minnesota Experiment Station, imported from 
Germany a number of liquid cultures for the inoculation 
of soils, including the clover culture preparation. These 
were tried in pot experiments with soils from about 
twenty different places in the state, and in no case was 
any special benefit derived from their use. From these 
and other tests Dr. Lugger concluded that the nitrogen- 
fixing organisms associated with the clover plant were 
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quite generally present in the soils of the state and that 
the use of these preparations was unnecessary. 

Also later tests made by the Minnesota Experiment 
Station show that the characteristic nitrogen-fixing organ- 
ism of clover is widely distributed in this state and that 
on soils where clover is produced for the first time the 
roots have an abundance of well developed nodules. In 
fact, clover grows luxuriantly in nearly every part of the 
state, and in the Northeastern part it is practically in- 
digenous. Because of these facts, the general use of cul- 
tures for inoculating soils has not been recommended by 
this Station. 

A recent bulletin of the New York Experiment Sta- 
tion has shown that the commercial cotton cultures are of 
no value for the production of clover. When the cultures 
were examined, they were found not to contain or to be 
capable of producing any of the organism that carries on 
the work of nitrogen fixation. Even the few cultures pre- 
pared and sent out by the U. S. Department of Agriculture 
were found to give negative results. At one time the U. S. 
Department of Agriculture distributed these cotton cul- 
tures extensively, but later experience showed them to be 
unsatisfactory. 

In this state clover failures have been found to be 
due in most cases to poor seed, lack of proper preparation 
of the seed bed, or to lack of available phosphoric acid and 
potash in the soil. Poor seed has probably more often 
been the cause of failure of the crop than all other causes 
combined. As shown in a former bulletin. No. 34, of this 
Station, the soils of this state are chemically and physically 
well adapted to the production of clover. The prevalence 
of the nodules on the roots of clover and the negative 
results of the inoculation tests show that general inocula- 
tion of the soil is unnecessary in Minnesota for the pro- 
duction of clover to restore nitrogen to old grain soils. 
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SUMMARY. 

The loss of nitrogen from four grain farms in ten 
years amounted to from three to five times more than was 
removed by the crops. This loss was due to the rapid 
decay of the humus and the liberation of the nitrogen, 
which forms an essential part of the humus. The losses 
of nitrogen from these grain farms were practically the 
same as from the experimental plots at the University 
Farm. The results of the tests on the small plots are in 
accord with the field tests in different parts of the state. 

Where clover was grown, crops rotated, live stock 
kept, and farm manure used, an equilibrium as to the nitro- 
gen content of the soil was maintained, the mineral plant 
food was kept in the most available condition and maxi- 
mum yields were secured. 

The summary of results of Fertilizer Tests with wheat 
and corn is given on pages 185, 186 and 187. 
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SOME COMMON WEEDS AND THEIR ERADICATION. 



A. D. WILSON. 

I 

This bulletin is suggested by numerous inquiries 
which come to the Station as to the best methods of eradi- 
cating certain common weeds, and it is prepared to answer 
these inquiries. It is not offered as a scientific treatise on 
the subject of weeds but rather as a simple statement of 
some of the facts about weeds, which may be of value to 
Minnesota farmers. In its preparation Experiment Sta- 
tion bulletins have been freely consulted. 

LOSS CAUSED BY WEEDS: 

There is no accurate way of getting at the loss which 
weeds cause to the state annually, but it is safe to say that 
it is several hundreds of thousands of dollars. Not alone 
do weeds make it much more expensive to grow crops, 
but they make a heavy draft upon the moisture and fertil- 
ity of the soil, besides reducing considerably the market 
value of the product. 

A report from the Minnesota grain inspection depart- 
ment shows the average dockage per bushel on wheat for 
two years to be 19 ounces. This dockage is very largely 
due to weeds. Minnesota produces annually about 200,- 
000,000 bushels of small grain. A dockage of 1 pound per 
bushels means a loss of 200,000,000 pounds. Had the land 
been free of weeds the same amount of plant food, 
moisture and labor would have produced over three million 
bushels of wheat or the equivalent in other grains. This 
makes an annual loss due to weeds of about two and one- 
half million dollars, or an annual rental of about 30c per 
acre on every acre on which small grain is grown. Added 
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to this great loss we must include cost of fighting weeds, 
loss of fertility and moisture, strain on machinery, extra 
cost of twine to tie up the weeds, freight charges for ship- 
ping weed seeds, etc. 

DOCKED 23 POUNDS PER BUSHEL: 

Some years ago the writer wrote to a friend for a sample 
of wild oats. This friend simply mailed a sample of wheat 
as it was being marketed by a farmer in the grain growing 
section. This statement accompanied the sample: "This 
wheat is being docked 16 pounds per bushel for wild oats.'' 
Surely this levies a very heavy tax on farming. Another 
farmer in this state marketed wheat this year on which he 
was docked 23 pounds per bushel, chiefly for wild oats. 

HOW WEEDS GET INTO THE FIELDS: 

Weeds have a great many ways for wide distribution. 
The seeds are carried by water, by wind, by birds, and 
animals, and by machinery. The last two are the most 
common methods of infection and also the most easily 
controlled by the farmer. The seeds of some of the worst 
weeds will pass through the digestive tract of some farm 
animals without injury to germination. Seeds of wild oats 
will pass through horses and still grow. Fields are often 
infected with wild oats from the droppings of horses fed 
grain in which there are wild oats. It will pay to grind for 
feed grain in which there are wild oats. Threshing ma- 
chines are a common means of conveying weed seeds from 
one farm to the next. Farmers should insist that thresh- 
ing machines be well cleaned out before moving from a 
weedy farm onto theirs. Seed grain is also a very common 
method of distributing weed seeds. Caution should be 
exercised in importing new varieties of grain and especi- 
ally grass seed, that no undesirable seed be introduced. 
All seed grain should be well cleaned. 

WEED SEEDS LIVE FOR YEARS IN THE GROUND: 

It is a well known fact that the seeds of some of the 
worst weeds will live in the soil under certain conditions, 
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for several years. The North Dakota Experiment Station 
some years ago, conducted an experiment to determine the 
length of time seeds would retain iheir vitahty in the soil! 
It was found that some wild oats would grow after having 
been buried twenty months but were all dead after fifty- 
six months. Some of the mustard and French weed seeds 
grew after being buried fifty-six months. These facts need 
not discourage the farmer for a season of careful cultiva- 
tion will bring most of the weed seeds into conditions 
which will cause their germination. The few remaining 
to grow, later can be removed cheaply by pulling or subse- 
quent cultivation. 

FARMS CAN BE CLEANED OF WEEDS: 

Some farmers seem inclined to *'give up" when their 

farms become badly infested with weeds. This may be 

the best thing they can do unless they are ready to change 

somewhat their methods of farming. Continuous grain 

raising and weedy land usually go hand-in-hand. The 

weeds are simply an ever recurring reminder that this 

class of farming cannot be carried on indefinitely. Those 

who have been convinced of this fact and have adopted 

a system of diversified farming are forgetting all about 

their old troubles with weeds, A system of rotation of 
crops which provides for one or more years in cultivated 

crops and one or more grass crops on each field in five to 
seven years, will eventually clean a field of most weeds, 
increase the net income per acre and tend to increase 
instead of decrease the soil fertility. Fields badly infested 
with the worst perennial weeds may be cleaned if stren- 
uous efforts are followed as suggested below: 

THREE CLASSES OF WEEDS: 

There are not a great many diflferent kinds of weeds 
which are troublesome in this state under ordinary farm 
conditions. For convenience in study, weeds may be div- 
ided into three oeneral classes and so far as the farmer is 
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concerned they may be treated about the same, as but 
three kinds of weeds. These three classes are : 

1. Annual weeds. 

2. Biennial weeds. 

3. Perennial weeds. 

Annual weeds are those which produce seed in one 
year and die; in this class we find the common weeds such 
as pigeon grass, pig-weeds, lambsquarter, wild oats, wild 
mustard, corn cockle, wild buckwheat, cockle bur, French 
weed and kinghead or ragweed. 

Biennial weeds are those which require two years in 
which to produce seed from seed. The seed germinates 
and the first year simply a rosette of leaves is produced. 
The root lives over winter just as a clover root does. 
Seed is produced the second year and the whole plant dies, 
root and all. This class of weeds is well represented with 
us by the bull thistle and burdock. 

Perennial weeds are those which live from year to 
year, usually by underground stems or root stalks. In 
this class we find such weeds as quack grass, Canada 
thistle, morning glory, and sheep sorrel. These weeds, 
like the others, start from seed but the root or under- 
ground portion is permanent and unless destroyed in some 
way, sends up new shoots each year in its attempts to pro- 
duce seed. These weeds not only persist in growing when 
prevented from seeding but spread, and often quite rapidly, 
by means of their underground root stalks. 

ERADICATION OF ANNUAL WEEDS: 

The essentials for getting rid of annual weeds are to 
use clean seed, prevent any plants which may be in the 
field from going to seed, and to prevent the infesting of 
the field by such mechanical means as threshing machines,, 
wind, water, animals, etc. 

To prevent weeds from seeding is much more easily 
said than done. Many of the weeds produce seed or 
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ripen earlier than do grain crops. This is especially true 
of wild oats, mustard and French weed. Others such as 
pig weeds, pigeon grass, etc., send up new shoots or 
branches after they are cut oflf by the binder and produce 
seed in the stubble fields before they are plowed under. 
It will be seen from the above facts that the ordinary 
methods of continuous grain growing cannot help but 
get the land full of weeds, for when once they get a foot- 
hold there is nothing to prevent their increase. The 
numerous fields in the state which are yellow with mus- 
tard at certain seasons of the year and the thousands of 
carloads of grain that are docked from one to twenty 
pounds per bushel for wild oats attest this fact. 

Sometimes it is not practical or at least not considered 
so by the farmer to change materially his method of farm- 
ing, but still he is anxious and finds it an absolute necess- 
ity, to do something to check the weeds before they get 
complete possesion of his fields. This he may do in several 
ways, some of which are suggested below: 

DISCING STUBBLE FIELDS: 

Stubble fields may be disced as soon as the 
shocks are removed, to cover some of the weed 
seeds and cause them to germinate. Germinating the 
seed of an annual weed is usually sufficient to kill it, 
and the only thing to look out for is that the plant result- 
ing from its germination is killed before it has a chance 
to produce seed. 

WEEDS GERMINATE IN THE FALL: 

Many of the annual weed seeds if covered in 
the fall will germinate and be killed by the frost 
or by subsequent cultivation. Wild oats from the 
1905 crop were planted at the Experiment Station 
in September and seventy per cent of them germ- 
inated. Quite a large per cent of wild mustard and wild 
barley (squirrel tail) germinated under the same treat- 
ment. 
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PASTURING STUBBLE FIELDS: 

Live stock, especially sheep, may be turned into 
the stubble field during the fall, if convenient. 
They will eat many weeds and weed seeds. Tramp- 
ing the weed seeds into the earth will cause many 
of them to germinate, thus killing them. By sowing rape 
and turnip seed with the grain crops quite an amount of 
fall feed can be grown in place of weeds and if fed oflf with 
sheep or live stock of any kind, many weeds will be des- 
troyed. Corn fields at the Experiment Station in which 
3 pounds of rape seed were sown per acre just before the 
last cultivation produced an excellent crop of rape and 
practically no pigeon grass or other weeds. Corn fields 
without rape usually allow more or less weeds to go to 
seed after cultivation is stopped. 

USE OF WINTER GRAIN CROPS: 

The raising of winter grain crops of wheat or 
rye is very beneficial in cleaning land of weeds. 
The fall cultivation causes many seeds to germin- 
ate in the fall and to be killed by frost. Winter grain 
usually ripens early enough to be removed and the land 
plowed before any of the weeds which germinate in the 
spring can go to seed. This is true of most annuals, with 
the exception of French weed. 

USE OF QUICK-GROWING CROPS: 

Barley and similar crops are beneficial in eradicating 
weeds. Under favorable conditions barley will ripen soon 
enough to check to a large extent the seeding, of such 
weeds as wild oats. To use barley to advantage for this 
purpose it is well to cause as many weed seeds to germin- 
ate in the fall as possible. This can be done by discing or 
by shallow plowing (2 inches deep) and harrowing, as 
soon as the crop is removed. This can be done at a cost 
of from forty cents to one dollar per acre. Such treatment 
will cover most of the weed seeds, will conserve soil 
moisture, and will cause many weed seeds to germinate 
that would otherwise lie on top of the ground, to be plowed 
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under later and give trouble. Plow later in the fall after 
a good many of the weeds have started to grow. Harrow 
as soon the next spring as the land is dry enough. This 
will warm up the soil and help to germinate the weed 
seeds. 

It is important to get as many seeds to germinate at 
this time as possible. During the first or second week of 
May disc and harrow the field to kill all weeds growing. 
Prepare a good seed bed and sow as early a variety of 
barley as you have. Sow two bushels per acre to insure 
a good stand. By sowing barley late many of the weeds 
are killed by cultivation before the bar ey is sown. The 
warm weather at this season promotes the rapid growth of 
barley which checks the weeds and the barley will mature 
before most of the weeds, and will allow early fall plowing 
which is very desirable in killing weeds. 

Other similar crops, as millet, buckwheat or rape may 
be used in the same manner with good results. This will 
not clean a field completely in one year, but is a long step 
in the right direction. 

USE OF CULTIVATED CROPS: 

Cultivated crops such as corn, potatoes etc., 
are the best c'ass of crops with which to com- 
bat weeds. If neglected, such crops are but 
breeders of weeds. However, there is no class of crops on 
which better work can be done or which respond more 
generously to good cultivation than do cultivated crops. 
As a general rule all the labor put on a corn or potato crop 
is repaid by an increased yield of the crop. The frequent 
cultivation of the soil kills all weeds before they mature 
seed, and brings into the proper condition for germina- 
tion, most of the weed seeds in the soil. Cultivated crops 
if properly handled are rightly named "cleaning crops.'' 

PULLING BY HAND: 

When some of the bad annual weeds as wild 
oats and mustard are but thinly scattered through 
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the field they may be removed quite cheaply by hand pull- 
ing*. This method is not in general favor w^ith Minnesota 
farmers. It is, however, often economical to remove 
weeds entirely by hand pulling or to pull the few weeds re- 
maining after some other method of eradication. A year 
of cultivated crops as corn, or a year of bare fallow usually 
leaves the soil in good condition for a grain crop. Neither 
of the above methods is likely to entirely free a badly in- 
fested field of weed seeds. The few remaining seeds will 
germinate and unless the plants are removed from the 
grain field are liable to seed and leave the soil as foul as 
before. In such a case hand pulling is certainly practical. 

ROTATION THE TRUE REMEDY: 

Where a practical system of rotation is fol- 
lowed the fight with weeds is forgotton. Rotation 
of crops consists of some systematic alternation on 
each field, of the three general classes of field 
crops, namely: Grain crops, grass crops, including- 
clovers, and cultivated crops. The object is to produce the 
grain, pasture, and forage needed on the farm, at the least 
expense of labor and fertility. Grass crops give weeds a 
very poor chance to produce seed as they grow thickly 
and ripen for hay earlier than most of the weeds produce 
seeds. If the land is very foul of weeds when seeded to 
grass a corn or other cultivated crop should follow i"he 
grass crop to insure killing the weeds from the seeds which 
have lain dormant during the time the land was in grass. 
Grass crops, especially when wholly or partially clover, 
enrich the soil and leave it in good mechanicii condition. 
The succeeding crops grow heavier and more rapidly ti)us 
giving the weeds less chance than on poorer soil. If the 
land is reasonably free of weeds one to four grain crops 
may follow the grass crop. A cultivated crop should then 
be introduced to again clean up the land and to prepare 
the soil for the next grass crop. Disced corn stuoble fur- 
nishes one of the best conditions for getting a stand of 
grass. 
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VALUE OF ROTATION DEMONSTRATED: 

The value of rotation in ridding land of 
weeds is well illustrated by two plats at the Ex- 
periment Station. One plat on which wheat has 
been grown continuously for eleven years is quite badly 
infested with wild oats. Another plat two feet away from 
the first one, on which a five year rotation (wheat, grass, 
grass, oats and corn) is followed, is free of wild oats. 

If any farmer in Minnesota who is now troubled with 
any of our com^non annual weeds will lay his farm oflf in 
convenient shaped and sized fields, and follow a system 
of rotation, using a well cultivated crop of corn once in 
five to seven years, and one to three grass crops during 
the same time he will have but little trouble with weeds, 
will increase the products of his farm until he will con- 
sider the weeds a blessing for having forced him to change 
his methods of farming. 

SUMMER FALLOW: 

When all other methods fail or are for some 
reason impractical a thorough bare fallow can be 
resorted to as a very effective remedy against annual 
weeds. To get good results from bare fallowing three 
principles must be kept in mind: 1st, all weeds that germ- 
inate must be destroyed before they produce seed; 2nd, 
all seeds in the soil should be brought where they will 
germinate ; 3rd, seeds will germinate only under the proper 
conditions of heat, air and moisture. To ilhistrate : 
Stubble fields may be disced or plowed in the fall to cover 
weed seeds, thus bringing them in contact with the moist 
soil so they will germinate. Harrowing land in the spring 
warms up the soil and lets the air in, thus promoting 
germination. The seeds near enough to the surface will 
germinate while those deeper in the soil where it is cooler 
and where the air does not penetrate freely will lie dor- 
mant or decay. Thus only a small portion of the weed 
seeds in the soil are brought into conditions favorable for 
germination at any one cultivation. When the weeds 
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Started by the spring harrowing are plowed under late in 
May or early in June (just before they are large enough 
to produce seed) the seeds that were too deep to grow are 
now turned on top, where, if the soil is harrowed to retain 
the moisture, they will germinate, thus ridding the soil 
of some more weed seeds. The usual practice of plowing: 
in June and leaving the soil as plowed does not give the 
best results because the furrow slice dries out and the 
seeds turned up cannot germinate. It is sometimes neces- 
sary in dry seasons to roll land as well as to harrow it at 
this time of year to pack the furrow slice down to the sub- 
soil so that the moisture necessary for germination can 
move up from below by capillary action. Always try to 
keep the soil moist and loose and plow before weeds can 
go to seed and summer fallowing will give good results. 
To get best results from fallowing it is usually necessary 
to plow twice during the season and harrow the first plow- 
ing two or three times. Summer fallowing is not to be 
recommended except in rare instances. One year's crop 
and considerable labor is lost and it is also very wasteful 
of plant food. It is wholly unnecessary to summer fallow 
where rotation is practiced. 

ERADICATION OF BIENNIALS: 

This class of weeds very seldom give any trouble in 
cultivated fields. Bull thistles and burdock are, however, 
quite common in pastures and waste places. With them 
as with the annual weeds the line of attack is to prevent 
them from seeding. This can not always be done by mow- 
ing as some of the lateral branches are liable to be left by 
the mower and grow up and produce seed. Cutting off 
just below the surface of the ground, with a spud or other 
implement one to three times during the year will kill 
them. Where the pastures and meadows are worked in a 
rotation, that is left in grass but two or three years then 
broken up and sown to grain and corn for a few years, 
these weeds give but very little trouble. 
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ERADICATION OF PERENNIAL WEEDS— QUACK GRASS, 
CANADA THISTLE, MORNING-GLORY, ETC: 

These are bv far the worst weeds we have to combat. 
Canada thistle is becoming quite common in the Red River 
Valley and quack grass is all too common in the southern 
half of the state. Simply preventing these weeds from 
seeding is not sufficient to destroy them. The}^ grow by 
underground stems or root stalks, consequently grow and 
spread though prevented from seeding. The roots do not 
die as do annuals or biennials but live from year to year 
and send up new plants each year. Even a small piece of 
root if left in the ground will send up a good vigorous plant 
and begin to spread by sending out new root stalks. It 
will be seen from this that such weeds must be attacked 
by some method that will kill the roots. Ordinary field 
operations such as plowing, cultivating, etc., help to tear 
the plants up from one place but the roots are caught by 
the implement and scattered about the fields where they 
at once make their home and begin to grow. One of the 
first essentials of handling perennial weeds should be to 
use every eflfort to prevent scattering them about. Each 
patch should be marked and worked around so as to avoid 
scattering the weeds with the harrow or other machine. In 
this way much future trouble can be avoided. 

EASY METHODS NOT USUALLY SUCCESSFUL: 

Many easy methods of combatting perennial weeds 
have been suggested and tried, but such methods are likely 
to result in only partially killing them, consequently very 
little is accomplished unless it is to discourage the man 
who tried them. 

SMOTHERING: 

Many have tried to smother these weeds with 
quick growing crops, such as buckwheat, millet or 
hemp. In 1905 the Experiment Station sowed hemp 
thickly on a piece of ground in which there were a few 
patches of quack grass. The hemp was very thick and 
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grew six to ten feet high. The quack grass was hurt some 
but it still showed and some of the roots dug up were 
found to be alive and in good condition. A repetition of 
the treatment for several seasons would probably choke 
out the quack grass. Smothering by covering with two to 
four feet of litter is often resorted to where there are only 
small patches of these weeds. If this mulch is applied 
thick enough and kept on long enough it will kill the roots 
but of course is impractical for large areas. Several 
methods were tried this year at the Experiment Station 
as follows : 

KEROSENE: 

Kerosene at the rate of 6>4 gallons per square 
rod was applied to a patch of quack grass without 
killing it. The plants looked sickly for a few days but soon 
recovered. The quack grass was just beginning to head 
out. It was cut short with a scythe, then treated. 

SALT: 

Salt was applied to quack grass both dry and as 
brine at the rate of 80 barrels per acre. The quack grass 
was in the same condition as when treated with kerosene. 
The tops of the plants were killed but the roots soon sent 
up new plants as vigorous as ever. 

SULPHURIC ACID: 

Sulphuric acid was used in different strengths 
and amounts to kill quack grass. The least that 
was found to be effective was a 15% solution at the rate 
of 40 to 50 gallons per square rod. This would cost about 
$5.00 per square rod, thus making the use of acid im- 
practical. . The acid used by creameries for testing milk 
might be saved in jars and used by farmers to kill small 
patches of quack grass. The mixture of milk and acid as - 
it comes from the test bottles is about a 40% solution. 
To make a 15% solution from this, add seven quarts of 
water to four quarts of the solution. Sulphuric acid can be 
handled only in earthenware or glass dishes. 
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TAR PAPER: 

On July 7th, tar paper was spread over about 
one square rod of quack grass. It was lapped enough 
to make a complete covering. A few shovels of dirt were 
thrown on the edges to keep it in place. Two days later 
the plants were all dead above ground and a month later 
the roots were apparently completely dead. The cost of 
the tar paper would be from seventy-five cents to one 
dollar per square rod. This makes it out of the question 
for any large area but it may be practical for small patches. 

DIGGING UP BY HAND: 

Small patches have been cleared of quack grass 
by digging the roots out with a fork and remov- 
ing from the field. This is probably as good a 
method as any where there are but a few small 
patches. Great care should be taken to get all roots out 
and ofif of the ground. The patch should be watched and 
when any new shoots appear they should be taken out. 
Sometimes, if the work is carefully done, digging out once 
is sufficient, but two or three times can be calculated upon 
in ordinary years. 

DESTROY BY THOROUGH BARE FALLOW: 

While the easier methods are sometimes effect- 
ive, they are not recommended for they are too 
often only partially successful and from a small 
amount left in a field it will soon become com- 
pletely infested. Therefore the following method, 
which was advocated by Prof. Hays, in a previous class 
bulletin, is advised where there is more than three to five 
square rods per acre of these worst perennial weeds : 

"Set apart the spots or fields decided upon for one season and 
do not try to raise a crop. If following a grain crop or a crop of 
grass it may be wise to plow the land early in the autumn. But this 
is rtot always economy, since the frost does not kill the upturned roots,, 
not even if they are turned over several times during the autumn. 
Let the grass grow in the spring until nearly time to head out, pas- 
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turing it if convenient to do so, then turn it under deeply and com- 
pletely, by plowing the land as deep or even one or two inches deeper, 
than it is usually plowed. At this period of its growth the old root 

stalks will have given up the seed-like nourishment, which they stored 
up the year before, in helping form the new growth of leaves, stems 
and root stalks. These old root stalks will be ready to decay and the 
new root stalk.s, as yet green and succulent, will not have stored up 
in themselves food for another year and they also will not resist 
decay long. The plant at this period is in its most active vegetative 
stage and is not prepared with a supply of stored-up food in its root 
stalks to long endure a resting period. Simply plowing under is, 
however, only the commencement of the attack. The plants are fujl 
of active vigor and the young root stalks at once start up new leaves 
and stems. Leaves are a necessity to the plant at this time and if we 
can prevent it having any of these 'breathing and digesting' organs 
it will soon starve and the root stalks will die. To destroy all leaves 
it is necessary to thoroughly cultivate or occasionally plow the soil 
at short intervals of one to three weeks. In case the cultivating im- 
plement does not do quite thorough work it is necessary to destroy 
the remaining blades with the hoe, since the rule should be to 'not 
let the grass see daylight.' 

"By this plan many farmers have killed this pest. While it has 
cost them the rental value of the land for one year, and the labor 
of several times plowing and cultivating, they have plowed under 
some green manure, and have given the soil such a thorough sum- 
mer fallowing that it is in fine condition for a crop the next season. 
While summer fallowing is hardly to be recommended even in this 
northern climate where the soil is frozen nearly half the year, save 
as an occasional expedient, yet in this connection we need not ignore 
its advantages. The first plowing as above mentioned is sufficiently 
early to destroy other weeds, even French weed, before they ripen 
seeds. The repeated cultivating and the occasional plowing brings 
other weed seeds into their germinating zone of soil and they are 
destroyed. In addition to the accumulated fertility, which is set free 
and stored up during the year, the summer fallow also conserves 
moisture for the next season's crop, and the cleaning, fertilizing and 
moistening of the soil does much to reduce the ultimate cost of this 
method of killing quack grass. While the farmers who have followed 
this plan of entirely eradicating this pest have good words for it, those 
who have each year for several seasons 'nearly killed' this weed by 
fairly careful cultivation, but yet have it in their fields, are complain- 
ing that it costs them annually a great deal of labor to combat this 
pest, and it seems to have the mastery. 
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"Where neccssarj^ and practical to do so, turnrows, and where 
the fence may be removed, fence rows, and the borders of public 
roads, should be included in the summer fallow. This will avoid hav- 
ing the grass again encroach upon the field from the surrounding 
land. 

"Doubtless there are many other ways of killing quack grass 
which would succeed, but farmers make a mistake in experimenting 
with theories of killing *by turning the roots up to the sun,' by 'ex- 
posing the roots to the action of the frost,' and some other oft recom- 
mended remedies. Methods which at once succeed are in the end 
the most economical." 

The past three years it has been very hard to deal with 
quack grass, owing to the excessive amount of rainfall and 
many attempts to kill quack grass have been unsuccessful. 
These years, however, are uncommon. Under ordinary 
Minnesota conditions the above method if carefully carried 
out will succeed. To be on the safe side, however, a year 
of such treatment should be followed by one or more years 
of cultivated crops'. Great care should be exercised to 
find and destroy the occassional plant which escaped the 
previous years cultivation. A similar course of treatment 
will destroy the other perennial weeds. In fact, none of 
them are quite so hard to handle as is quack grass. It is 
not expected that the whole farm will be cleaned in one 
year, but that the farm will be divided into fields and one 
field cleaned each year. 

ROTATION OF CROPS: 

The rotation of crops as usually crried on is 
■not proof against quack grass. For this reason 
bare fallowing is recommended, but if a part of the 
farm is taken at a time and planted to corn and the corn 
very carefully cultivated and hoed by hand the quack grass 
can be killed in a year or two and at the same time good 
crops can be grown on the land. The careless methods of 
farming commonly practiced in the grain growing sections 
of the country make this method impractical under mofet 
conditions. Once the land is cleaned by thorough bare 
fallow the danger of getting it infested again is grieatly 
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lessened by a rotation of crops for in this way the whole of 
the farm is brought into cultivated crops at regular in- 
tervals and these weeds will then be noticed if present and 
checked before they spread very far. 

CLEAN SEED: 

One of the essentials of keeping a farm free 
from weeds is pure seed grain. Great care should be 
taken in getting seed from any outside source that it is 
free from any bad weed seeds. This precaution is espec- 
ially necessary when grass seed is purchased. As a gen- 
eral thing the safest and best source of seed grain for the 
farm is grain raised on the farm the year before. The 
idea that seed runs out after growing on a farm for a few 
years, and must be renewed occasionally is not founded on 
facts. Experiments conducted by experiment stations, 
comparing home grown seed with thafbrought from a dis- 
tance have resulted in every case in favor of the home 
grown seed, where careful methods have been used in 
the selection of the same. Save your own seed and clean it. 
It is almost impossible to separate some of the worst weed 
seeds from seed grain where ninety bushels of seed must 
be "cleaned up'' from 100 bushels of dirty grain. It is too 
generally the practice to market all of the grain but just 
enough for seed, then try to clean what is retained. This 
is practically impossible if the grain contains such weed 
seeds as wild oats, wild buckwheat, cockle or ragweed. 
It is of course very poor policy to sow weed seeds. 

A BETTER METHOD: 

Where live stock is marketed the best animals 
are retained on the farm for breeding purposes. 
If a bin of grain is examined it will be found that 
4;he kernels of grain vary as much as do the animals in a 
h«rd of cattle. It is therefore as practical to save for seed 
the best individual kernels from all the grain raised as to 
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save for breeding purposes the best individuals from all 
the animals raised. It is a recognized fact that strong, 
vigorous animals will give birth to stronger offspring and 
nourish them better than will weaker animals. It is like- 
wise a fact, though not so generally recognized, that heavy 
plump kernels of grain will produce stronger offspring and 
nourish them better than will the smaller, lighter kernels. 
This fact has beerr demonstrated by many careful experi- 
ments. Separate out for seed, but five to twenty per cent 
of the best of all the grain raised. This may be done at a 
cost of a very few cents per bushel on the seed saved and 
without lowering materially the grade of the balance of the 
grain for market. This small amount of the heaviest and 
plumpest seed may be saved practically free from' weeds 
though the bulk of the grain is quite foul. 

Fig. 164 and description suggests a method by which 
this separation may be easily made with most "side shake" 
fanning mills. End shake fanning mills can be made to 
separate out the large plump kernels by using a coarse 
enough screen in the bottorh shoe to let all but the very 
largest kernels through into the market grain carrying but 
a small percent of the largest to the front end of the ma- 
chine for seed. 
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Fig. 164. — "Side Shake" Mill, set for grading seed grain. 



Screen No. 1 should be just coarse enough to let the grain 
through. It is used simply to run off sticks and straw. Board No. 
2 carries the grain backward in the mill so as to let it drop through 
the blast at one place. The light kernels are blown past the ^\\d 
of screen No. 3, the heavier kernels fall on screen No. 3. Board No. 
2 may be moved forward or backward to throw a large or small per 
cent of grain on screen No. 3, as desired. Screen No. 3 should be 
coarse enough to let the small kernels through onto screen No. 4. 
It is adjustable as to slant and may be moved forward or backward 
to regulate the amount of grain it will catch. Screen No. 4 is fine 
enough to carry nearly all of the grain over into market jjrain. 
Any side shake mill may be fixed up in this way. Separation by 
weight cannot be made with the end shake mills but the large kernels 
can be separated from the small ones in any proportion desired^ 
simply by using coarse or fine screens in lower part of mill. 
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Fig. 165.— Corn Cockle. (Photo, by H. D. Ayer.) 
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Fig- 166.— Seeds of Cockle, enlarged. (Plioto. by H. D, Ayer,) 
CORN COCKLE. 

Com Cockle or Blue Cockle, shown in Fig. 165, is an 
annual. It is common in grain fields, especially in wheat. 
It ripens about the same time as wheat. The seed does not 
shell out easily so is usually removed from the fields with 
the grain crop. 

To eradicate,: Use only pure seed. It is very hard to 
separate cockle from wheat as the seeds of wheat and 
cockle are of about the same size and weight. By grading 
out only a small portion of the whole crop of wheat for 
seed as suggested on page 212 this small portion can be 
saved practically pure and the cockle left in the market 
grain. 

If it is necessary to use grain for seed that has cockle 
seed in it, the cockle should be pulled from the field by 
hand. Enough at least to give seed for the following year 
should be thus picked. 

WILD OATS. 

Wild Oats, shown in Fig. 167, is an annual. It is one 
of the most common and worst of the annual weeds. The 
seeds ripen earlier than wheat and oats. They shatter 
easily and are usually left on the ground when the grain 
crop is cut. 

To eradicate: Use only clean seed; prevent them from 
seeding; use quick-growing crops as barley, or millet; sow 
winter wheat and rye as they ripen earlier than wild oats; 
or use grass crops, and cultivated crops in rotation. See 
"Eradication of Annuals," page 198. 
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Fig. 167— Wild Oal3. — Showing seeds of wild oats and t 
enlarged. (Photo, by H. D. Ayer.) 
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Fie- 168,— Wild Barley. (Photo, by H. D. Ayer.) 
WILD BARLEY. 

Wild Barley or Squirrel Tail, shown in Fig. 168, is an 
annual. It ripens seed very early and is troublesome in 
meadows, pastures and waste places. It is very, bad in 
hay as the awns make the animals' mouths sore. It is not 
usually troublesome in cultivated fields. 

To eradicate: Rotate the pastures and meadows with 
grain and cultivated crops, if possible. If this cannot be 
done prevent the barley from seeding by mowing several 
times during the season. Sow bromus, blue-grass or 
clover to crowd out the wild barley in places that cannot 
welt be cultivated. 
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Fig. 169.— Pigeon Grass. (Phoio. by-H. D. Ayer.) 
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PIGEON GRASS. 

Pigeon Grass or Foxtail, shown in Fig. 169, is an an- 
imal. It is very general in all cultivated fields in Minne- 
sota, It seeds abundantly from July to November. The 
plants send up stools after harvest that produce seed and 
thus infest the land. 

To eradicate: Use clean seed. The seed is easily 
cleaned from any kind of grain but flax. May be cleaned 
from flax as indicated on page 212. Fall pasturing, early 
fall plowing, cultivated crops, growing of rape, grass crops, 
and rotation of crops are all beneficial in ho ding this weed 
in check. See "Eradication of Annuals." page 198. 




Fig. 170,— Wild Mustard. (Photo, by H. D. Ayer.) 
WILD MUSTARD. 

Wild Mustard, shown in Fig. 170, is an annual. It is 
very common in grain fields. It ripens an abundance of 
seed from June to November; consequently very trouble- 
some: un<ler favorab'e conditions seeds will remain in 
good growing condition in the soil for several years. It 
cannot be eradicated in one season. 

To eradicate: Use only clean seed; prevent plants 
from seeding by pulling, by using quick growing crops as. 
barley or millet, by using grass crops and carefully culti- 
vated corn crops; by rotation of crops, or by bare fallow if 
necessary. See "Eradication of Annuals," page 198. 
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Fig. 171.— French Weed. (After Brittui. & Brown.) 
FRENCH WEED. 
French Weed, or Stinkweed, illustrated in Fig. 171, 
is an annual and a very troublesome little weed belonging' 
to the mustard family. It seeds from May to November, 
hence it is quite hard to handle. It seems to thrive with 
most any crop. The seed wi 1 germinate In the fall and 
the plants live over winter and produce ?ecd the next year 
or the seed may start in the spring and prodnce seed in a 
few weeks. 
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To eradicate: No definite method has been deter- 
mined for combatting this weed. The course to follow is 
to get as many seeds to germinate as possible before a crop 
is sown so they can be killed l)y cultivation. Then plant a 
cultivated crop or a thick-growing crop as barley or millet. 
For example, discing and harrowing the stubl>le fields right 
after harvest will cause many of these seeds to germinate. 
Plowing later in the fall will kill them. Harrowing early 
in the spring and at intervals of one or two weeks, will 
warm up the soil and cause many of the seeds to germin- 
ate. By discing the land thoroughly about the middle of 
May or first of June will kil all the plants started. A crop 
of barley or millet or fodder corn will then give the French 
weed little chance. See ''Eradication of Annuals," page 198. 




Fig. 172. — Seeds of French Weed, enlarged. (Photo, by H. D. Ayer.) 

FALSE FLAX. 

False Flax, shown in Fig. 173, is an annual belonging 
to the mustard family. It is common only in flax fields. 
The seed is difficult to separate from flax seed. Most of 
it may be removed by method shown on page 212. It is 
distinguished from flax by small yellow blossoms and by 
its pear-shaped pod. The seeds are longer and rounder. 
See Fig. 172. 

To eradicate: Use c'ean seed; rotate crops, using 
grass and cultivated crops; use also quick-growing crops 
and if necessary summer fallow. Avoid growing flax 
oftener than once in seven to ten years. See ^^Eradication 
if An.nuals/' pnge 198. 
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rig. 173,— F;il5e FL-ix. (After Brittoii & Browu.) 
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Fig. 174. — Seeds of False Flax. (Photo, by H. D. Ayer.) 

WILD BUCKWHEAT. 

Wild Buckwheat or Black Bindweed, shown in Fig. 
175, is an annual. It is a twining plant very common in 
old grain fields. The seeds are triangular and about the 
same size as wheat. 

To eradicate: Use clean seeds. These seeds are rather 
difficult to separate from grain, owing to size of the seeds. 
They can, however, be separated from the seed grain as 
suggested on page 212. Under systematic rotation of 
crops and good cultivation, wild buckwheat is not trouble- 
some. See ''Eradication of Annuals," page 198. 

LAMBSQUARTER. 

Lambsquarter, shown in Fig. 176, is often called pig"- 
weed. The difference will be seen at once by observing 
Figs. 176 and 177. It is an annual weed, common in gar- 
dens and cultivated crops. Not usually common in grain 
fields. Seeds profusely. Seeds, very small and are very 
easily separated from seed grain. 

To eradicate. Use clean seed, carefully cultivated coin 
and similar crops, or rotate the crops. See "Eradication 
of Annuals,'' page 198. 
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Fig. 175.— Wild Buckwheat. (Photo, by H. D. Ayer.) 
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Fig. 176.— Lanibsquarler. (Photo, by H. D. Ayer.) 
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Fig. 177.— Pig Weed. (Photo, by H. D. Ayer.) 

PIG WEED. 

Pig Weed, shown in Fig. 177, is an annual weed. It 

is common in gardens, yards and corn fields. It is usually 

not bad in grain fields. It seeds profusely. The seed is 

easily separated from grain. 

To eradicate: Use clean seed. Carefully cultivate corn 
and similar crops. Rotate. See "Eradication of Annu- 
als," page 198. 
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Fig. 178.— Giant Ragweed. (After Britton & Brown.) 
RAG WEED. 

Ragweed, shown in Figs. 178 and 179, is an annual. 
The Giant Ragweed is common in the Red River Valley. 
It is found in grain fields and in any cultivated field. 

To eradicate: Use clean seed. The seeds are very 
difiicuit to separate from wheat since they are about the 
same weight and size as the kernels of wheat but can be 
separated as shown on page 212. These weeds are easily 
killed in cultivated fields, by one season's cultivation. The 
rotation of crops is an effective remedy. See "Eradication 
of Annuals," page 198. 
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Fig. 1?9.— Smaller Ragweed. (Atler Brittoii & Brown.) 
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Fig. 180. — Cockle-bur, Compare with Burdock on opposite page. 
(Div, of Botany. U. S. Dept. of Agr.) 
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Fig, 181, — Burdocic Compare with Cockle-bnr on n 
(Div. of BoUny, U. S. Dcpt. of Agr.) 
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Fig. 182-— Bull Thistle 
page, (Di\ 



Compare with Canada Thistle on opposite 

of Botany. U. S. Dept, of Agr.) 
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Fig. 1S3.— Canada Thistle.— Compare with Bull Thistle on opposite 
page. (Photo by H. D. Ayer.) 
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COCKLE BUR. 

Cockle Bur, shown in Fig. 180, is an annual. It is a 
coarse weed often confused with burdock. Appears most 
often in corn fields. Each bur contains two seeds. They 
are distributed by attaching themselves to animals. The 
difference between cockle bur and burdock will be seen 
by observing Figs. 180 and 181. 

To eradicate: Since this weed is an annual simply cut- 
ting off the young plants kills them. Carefully cultivated 
corn and potatoes are the safest crops to grow to kill out 
this pest. The bur is quite tough and may protect the 
seed for several seasons before it germinates. Simply to 
keep them from producing seed in the most convenient 
way is the best method of attack. See "Eradication of 
Annuals," page 198. 

BURDOCK. 

Burdock, Fig. 181, is a biennial. It is a large coarse 
weed, common in pastures and waste places. Found some- 
times in cornfields. 

To exterminate: Prevent the weed from seeding by 
mowing and cultivating, by use of spud. See "Eradi- 
cation of Biennials,'' page 204. 

BULL THISTLE. 

Bull Thistle, Fig. 182, is a biennial. It is found in 
pastures and waste places. The heads are larger than 
are those of Canada Thistles. The leaves are light colored 
and hairy beneath. It has a tap root instead of running- 
rootstalks as has the Canada Thistle. 

To eradicate: Prevent them from seeding by mowing, 
cultivating or by use of spud. See "Eradication of Bien- 
nials,'' page 204. 

CANADA THISTLE. 

Canada Thistle, Fig. 183, is a perennial. This weed 
is becoming all too common in the northwestern part of 
the state. The Canada Thistle is smaller than the Bull 
Thistle, has smaller heads and is usually found in thick 
patches. It spreads by seeds (in some cases) but usually 
by underground stems or root stalks. Instead of a tap 
root as is found on the Bull Thistle, underground stems 
or root stalks will be found which connect several plants. 

To exterminate: Prevent seeding, starve out or kill 
root stalks by smothering, by persistent cultivation or by 
thorough bare fallow. See "Eradication of Perennials," 
page 205. 
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1 barley field, (Photo, by H, D, Ayer,) 



MOKNING-GLORY. 



Morning-glory, shown in Figs. 184 and 185. It is a 
perennial, twining plant. Found in old cultivated fields, 
■especially in corn fields. It spreads by root stalks and by 
seeds. 

To eradicate: Can be removed from corn fields by 
diligent use of the clutivator and hoe. Root stalks must 
be killed as suggested for Quack Grass or Canada Thistles. 
See "Extermination of Perennials," page 205. 



COMMON WEEDS AND THEIR ERADICATION. 



Fig, 18S. — Morning-glory, in corn field. (Photo, by H. D. Aycr.^ 
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Fig. 186.— Smart Weed. (Photo, by H. D. Ayer.) 
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Tig. 187.— Curled Dock. (Div. of Botany, Depl. of Affr.) 
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Fig. 188.— Quack Grass. (Photo by H. D. Ayer.) 
QUACK GRASS. 

Quack Grass, Fig. 188, is a perennial. It is all too com- 
mon in this state. It is reproduced by seeds and by under- 
ground root stalks. 

To eradicate: Prevent seeding; starve out or kill root 
stalks by persistent cultivation, by smothering, or by 
thorough bare fallow. See discussion under "Perennials," 
page 205. 

CURLED DOCK. 

Curled Dock, shown in Fig. 187, is a perennial. It is 
readily recognized from the cut. It is found usually in low 
moist places and in corn fields. 

To eradicate: Use careful methods of cultivation, as 
corn well cared for, rotation of crops, or pull by hand. 
Drainage is also beneficial. See "Eradication of Peren- 
nials," page 205. 

SMART WEED. 

Smart Weed, shown in Fig. 186, is an annual or per- 
ennial. It is common in low moist ground. The seeds are 
small and shiny and are easily screened out of seed grain. 

To eradicate: Good drainage; good cultivation, as a 
carefully cultivated corn crop, and rotation are some of 
the best methods of attack. 



Printed also as Bulletin No. 96, of this Station. 

ORNAMENTAL TREES, SHRUBS AND HERBVCEOUS 

PLANTS IN MINNESOTA. 



Samuel B. Green. 

Introduction. 

This bulletin is prepared in response to many calls 
for information as to the best material to use for orna- 
mental planting in Minnesota. The conditions here are 
peculiar. Our climate is rather severe on plant life, and 
much of the plant material available for planting in 
the older settled portions of this country is not hardy in 
Minnesota. In consequence of this it has been necessary 
to make a large number of trial plantings for the purpose 
of determining what could be grown here to advantage. 
In other words, in this line of work, as in many other 
phases of agriculture, Minnesota cannot look to the older 
settled portions of this country for precedents, but must 
work out a system of horticulture and agriculture of its 
own. The results here given have been attained largely 
at the University Farm, but an effort has been made to 
get together as much data of this kind as could be found 
in this section. I would call especial attention to the 
planting lists on pages 308 to 314. 

It will be noted that while some of the more com- 
monly used planting material is not available here, on ac- 
count of its being too tender, yet we have a goodly list 
of plants that are satisfactory here with proper treatment, 
and that with them we need not lack for good results. 

Those who are acquainted with the material ordin- 
arily oflfered by eastern nurserymen will be surprised per- 
haps in looking over the list recommended here at the 
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absence of Ericaceous plants, including especially the Rho- 
dodendrons, Azaleas and Kalmias. 

The State of Minnesota is one of the largest in the 
Union, and is nearly as large as all New England, and 
covers a great variety of conditions and climate. The 
planter must, therefore, as a matter of course, use consid- 
erable good judgment in following the notes here given. 

In the early pioneer stage of a country there is little 
time for ornamental planting, but with an increase of 
wealth there comes time for such matters and often the 
degree of attention which is paid to ornamental planting 
and the development of parks, and that which goes to 
make the city and country beautiful, may be taken as an 
index of the degree of refinement which the people have 
reached. 

The illustrations here reproduced have been gath- 
ered from various sources, but most of them are from the 
grounds of the Experiment Station, and many of them 
were made by my former assistant, Harold Cuzner. I 
must here also acknowledge the kindness of the Jewell 
Nursery Co., of Lake City, Minnesota, in permitting u.s 
to use several excellent photos taken at their nursery. 

Chief reliance is here placed on common names 
and the botanical names used are such as by long use 
have become recognized by the trade. No attempt is 
made to give the latest botanical names as on account of 
the many changes recently made in botanical nomencla- 
ture and its unstable condition it has not been considered 
worth while to do so in a publication of this kind. 
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DECIDUOUS TREES. 

Acer, Maple. 

White, Silver-Leaf, or Soft Maple. Very hardy, 
easily transplanted and of rapid growth but suffers from 
a deficiency of moisture in the soil. It is especially desir- 
able for somewhat protected locations. If exposed to 
severe winds, the limbs are often broken in the crotches 
but this difficulty may be largely overcome by occasionally 
shortening the branches and retaining as much as possible, 
a central leading shoot. In many parts of Minnesota, it 
is a good street tree and valued for wind breaks on ac- 
count of its quick upright growth. Easily grown from 
seed which ripens in June. 

Cut-Leaf cti Wier's Cut-Leaf Maple. A sport from 
the White Maple that is propagated by budding or graft- 
ing. As hardy as the White Maple and a pretty, grace- 
ful lawn or park tree; of irregular pendulous habit and 
finely cut foliage. One of the best small lawn trees. Sim- 
ilar in value are the varieties of the Soft Maple known 
as variety tripartitum and variety heterophyllum. 

Striped Bark Maple. Moose Wood. (A. pennsyl- 
vanicum,) A small native tree of good habit, not much 
used; adapted especially to somewhat shady locations. 

Norway Maple. (A. platanoides,) A large tree from 
Europe with large, dark green leaves which are smooth 
and dark green on both sides. A desirable street tree, 
rivaling the Hard Maple in value and possibly a little 
better adapted to severe locations, but neither of them 
are successful in western or northern Minnesota 
unless protected from wind. The varieties of this species 
are equally hardy so far as tried here. The two best are 
perhaps those next mentioned. 

ScHWEDLER Maple. (A. platdfioides, var. schwedlerii.) 
A variety of the Norway Maple with a most beautiful crim- 
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son color on its young growth which changes to a rich 
brown when mature. Very handsome and showy in the 
spring. A valuable park and lawn tree. 

RiTTENBACH Maple. (A. platauoides, var. ritten- 
bachii.) A variety with bronze purple foliage in the latter 
part of the season. A beautiful form well worth growing 
in a small way. Valuable for park and lawn planting. 

Red, Swamp or Soft Maple. A native tree of 
medium size and slow growth with deep red blossoms 
early in the spring followed by reddish seed vessels and 
brilliant scarlet foliage early in autumn. It should be 
more often cultivated here for ornamental purposes. 

Sugar, Hard, or Rock Maple. Very hardy over most 
of Minnesota, when grown in forests in porous, clay lands, 
and forms one of our most valuable fuel woods. It does 
well in southern and south-eastern Minnesota when grown 
as a street or lawn tree, if the trunk is shaded with straw 
or other material when young. When not thus protected, 
the trunk is liable to sunscald. In the northern and west- 
ern portions of this state it winter kills badly in exposed 
locations, especially when young and before becoming 
well established. 

Japan Maple. (A. polymorphum.) This species and 
its many beautiful varieties are unfortunately too tender 
to be satisfactory in this section. By careful nursing they 
may be carried along for a few years. 

Sycamore Maple. (A. pseudo-platanus.) Altogether 
too tender for this section. 

Mountain or Vine Maple. (A. spicaUim.) Found 
abundantly in some of our northern woods. In the shade 
of other trees it sometimes takes on a vine-like habit. In 
the open, it makes a vigorous shrub or small tree. Well 
adapted to lawn planting. 

Tartarian Maple. {A, tartaricum.) A small, pretty 
tree of great hardiness and clean habit. The flowers, 
which are in clusters, appear early in June and are rather 
pretty; these are followed by crimson seed vessels which 
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ripen in autumn. It may be trained as a large shrub or 
small tree. One tree of this species at the Experiment 
Station spreads about fifteen feet. An admirable small 
lawn or park tree. 

Acer ginnala is a form of the Tartarian Maple with 
more deeply cut leaves and smaller twigs ; foliage deep red 
in autumn. It is a pretty and useful shrub or small tree 
that should be more generally known. It is well adapted 
for the purposes of a small hedge plant or specimen plant 
on lawns. 

Box Elder or Ash-Leaf Maple. (A. negundo.) Too 
well known to need much notice here. In good soil in pro- 
tected locations in the southern half of Minnesota, it makes 
a large tree, but at the extreme north, and in very exposed 
or barren situations anywhere, it becomes much dwarfed. 
At Fargo, North Dakota, it is popular as a street tree. A 
fairly good street tree in favorable locations, but rather 
small for best results. Of clean habit, long lived and of 
wonderful hardiness. A valuable pioneer tree. Of very 
rapid growth when young. Of late years this tree has 
been infested by the Box Elder Bug, which has made it 
unpopular. 

Aesculus. Horse Chestnut. 

Horse Chestnut. (A. hippocastanutn.) This is an un- 
reliable tree here, but in sheltered locations on porous clay 
soil it will often last well, but does not attain large size. 
The next species is much hardier. 

Ohio Buckeye. (A. glabra.) A native of Ohio and 

adjacent states. It forms here a tree of medium size but 

not nearly as large as the Horse Chestnut. Its flowers are 

yellow, not as large or beautiful as those of the Horse 

Chestnut, but it produces similar fruit and seed in large 

quantities. 

Ailanthus. 

AiLANTHUS. Tree of Heaven. (A. glandulosa.) 

From China and Japan where it makes a large tree. Also 

grown in milder climates than ours. Here it is too tender, 
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although it will often sprout from the root when winter 
killed. 

Alnus. Alder. 

Alder. (A, incana,) A small, pretty, hardy native 
tree that can sometimes be used to good advantage in 
lawn planting. 

Alder. (A, glutinosa.) A pretty tree that is standing 
well at the Experiment Station. 

Betula. Birch. 

Canoe, Silver or White Birch. (B, papyrifera,) A 
beautiful lawn and park tree that is not nearly as much 
planted as it should be. It is conspicuous and pretty in 
both summer and winter,- affording very pleasing contrasts 
with the dark foliage of other trees, and especially so when 
contrasted with evergreens in winter. Best adapted to 
moist soil, but will hold on well even in dry situations. 

White or Poplar-Leaf Birch. (B. alba, var. popuH- 
folia.) Indigenous to the eastern states and generally 
found on poor soil. It differs from the above in having 
many black twigs, pendulous, shiny leaves, and in not at- 
taining a large size. Not nearly as desirable as the next 
species, which it somewhat resembles. 

European White Birch. {B. alba,) A pretty sym- 
metrical tree of medium size, with white bark. It grows 
very rapidly when young, and is desirable for ornamental 
purposes. It seldom lasts in a vigorous condition over 
twenty years in this section. 

Cut-leaf Weeping Birch. (5. alba,) A variety of 
the European White Birch. Probably our most popular 
small lawn and park tree. Hardy in good soil anywhere. 
In dry situations it is short-lived, but is well worth grow- 
ing for its beauty. 

Purple-leaf Birch. {B, alba.) A variety of the 
European White Birch, with purplish foliage and young 
bark, which is in pleasant contrast with the white bark 
of the older growth; pretty and conspicuous. 
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Young's Weeping Birch. (B. alba.) A form -of the 
European White Birch with drooping branches. 

Yellow or Gray Birch. (B, lutea.) A pretty desir- 
able tree of rather slow growth. It has aromatic bark 
which tastes something like wintergreen. The bark is of 
a gray color and hangs in curly bunches. 

Hicoria. Hickory. 

BiTTERNUT Hickory. (H. minima,) Valuable for 
hoop poles, it can often be profitably planted on rich land, 
where it grows very fast until it commences to fruit. 
Makes a pretty lawn or park tree and is readily dis- 
tinguished by its orange yellow winter buds and very 
bitter nut. This species is indigenous to the central and 
southern portions of Minnesota. Probably the hardiest 
and best form of hickory for general planting here. It 
does not make as large a tree as the Pig Nut or the Shell 
Bark Hickory, but grows faster when young. Easily 
grown from seed which ripens in autumn. 

Shagbark Hickory. (H, ovata,) This tree bears the 
common hickory nuts of commerce. It is found in south- 
eastern Minnesota and may be grown on porous clay soil 
in the southern half of this state when protected from 
winds. Of slow growth, but sturdy and reliable when well 
established. 

Carpinus. 

Blue Beech. {Carpinus carolinensis,) A small, pretty 
native tree having exceedingly tough wood; seldom used 
in planting on account of its slow growth. 

Celtis. Hackberry. 

Hackberry. (C Occident alis.) One of our most beau- 
tiful large street or lawn trees. A native of the deciduous 
forests of Minnesota north to the international boundarv. 
In dry situations, it is perhaps not as hardy as the White 
Elm, which it rivals for ornamental planting. Very desir- 
able and much less liable than the White Elm to injury 
from winds. 
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Catalpa. 

Hardy Catalpa. (C. speciosa.) A pretty exotic ap- 
pearing tree that is unreliable and not valuable for timber 
in any part of Minnesota. In some sheltered locations, 
however, the trees may stand and produce their beautiful 
flowers for many years, but in some exposed locations 
are often killed back and sprout from the root. A few are 
well worth planting in parks and similar places for orna- 
mental purposes. Flowers in large beautiful panicles in 
July and the long tapering cylindrical seed pods remain on 
the trees all winter. Plants from northern grown seed 
are hardiest. 

Crataegus. Thorn. 

The native thorns ar^e very ornamental and should be 
more generally used for ornamental planting. The chief 
reason why they are not more commonly used is that 
as seed does not start until the second year after planting 
our nurserymen have not undertaken it. At the Ex- 
periment Station, we have grown several crops and find 
the seed very sure to start the second spring after it is 
sown. The seedlings grow very fast and soon make good 
hedge and lawn plants. Their clean foliage, bright white 
flowers, conspicuous fruit and the brilliant autumn color- 
ing of their foliage make them extremely desirable. We 
have many native species and there is much confusion as 
to their names, but all of them are valuable lawn and 
hedge plants. Some of the larger growing kinds are beau- 
tiful small trees. Some bear bright red and others dull 
red fruit. The Hawthorn, so commonly cultivated in 
Europe, of which there are kinds with pink and white 
double flowers, is liable to attacks of fire blight and win- 
ter killing here. Thrifty specimens of our native thorn 
may be easily and successfully transplanted from the 
woods to our lawns. A form known as C. rotundifolia^ ob- 
tained from Arnold Arboretum, has proven very satis- 
factory. 
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Eleagnus. 
Russian Olive, Oil Berry. (£. angustifolia.) A neat 
small tree having grayish foliage and small inconspicuous, 
delightfully fragrant flowers and small oval mealy fruit. 
A pretty, interesting and satisfactory lawn tree that is 
especially adapted to enlivening shrubberies and plantings 
generally. 

Gleditsia. 

Honey or Three-thorned Locust. {G. triacanthos.) 
Not entirely satisfactory in any considerable portion of 
Minnesota, but successfully grown here in sheltered places. 
Flowers inconspicuous, followed by long black pods that 
hang on the tree until early winter. 

Fraxinus. Ash. 

White x\sh. (F. americana.) A well known native 
timber tree of much value and attaining large size. It 
makes a good street tree in some locations but is rather 
stiff in outline. Valuable for forest planting except on 
our western prairies where it is not very hardy. A much 
more rapid grower than the Green Ash and from which 
it is often with difficulty distinguished as there are inter- 
mediate forms that seem to join the two. 

Red Ash. (F. pennsylvanica.) A form that undoubt- 
edly occurs in Minnesota, but it is so indistinct here as 
to make a description of it of little value. 

Green Ash. (F. lanceolata,) Somewhat resembling 
the White Ash but smaller and far less valuable for timber 
though much hardier. It grows very fast when young, 
before it produces seed, after which its growth is rather 
slow and it never attains large size. The seed of this 
species, being readily obtained, is frequently substituted 
for that of the White Ash, which is not so abundant and 
is quite different in form. Propagated by seeds which 
ripen in autumn. Probably all of the Ash in the western 
part of Minnesota is of this kind. 

Black or Swamp Ash. (R nigra.) Found in wet places. 
A small tree used for coarse baskets, hoop poles, etc. The 
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bruised foliage exhales the odor of elder. Not valuable for 
planting. 

Gymnocladus. 

Kentucky Coffee Tree. (G. dioicus.) A pretty and 
conspicuous tree with very large, compound leaves, which 
are often two feet long. Found sparingly in the southern 
part of Minnesota north to St. Paul. It can often be 
planted in sheltered locations to advantage. 

Juglans. Walnut. 

Black Walnut. (/. nigra,) A fine large spreading 
tree with edible nuts and valuable wood. Unreliable ex- 
cept in southeastern Minnesota where large trees were 
abundant when the country was first settled. It is suc- 
cessfully planted in protected situations and on rich 
porous soil as far north as Anoka county. Seed ripens in 
autumn and should be planted at once or stratified out 
doors over winter and planted in the spring. Trees often 
bear nuts when six years old. 

Butternut. (/. cinerea.) A pretty tree, closely 
resembling the Black Walnut in foliage, habit and hardi- 
ness. Its range, however, is farther north reaching Aitkin 
county. Its nuts are highly esteemed; wood light brown 
and not as valuable as that of the Black Walnut. 

Liriodendron. 

Tulip Tree. (L. tulipifera.) Not a safe tree to use 
here, although in most favorable locations, they may often 
hold on well for a few years. 

Larix. Tamarack. 

American Larch or Tamarack. (L. laricina.) A 
pretty, graceful, deciduous tree resembling the Spruces 
in foliage and cones, and of rapid growth. Native of 
northeastern Minnesota, where it is found in moist land, 
but it grows well on any retentive loam. In western 
Minnesota it must have wind protection. Not as valuably 
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as the next species for ornamental planting as it has 
thinner foliage. 

European Larch. (L. europea.) Has rather disap- 
pointed the expectations of tree planters in not being as 
long lived or as desirable for timber as was expected. It 
is, however, of a more regular and close habit than our 
native species and is far more desirable for ornamental 
purposes. It is a rapid grower when* young and is valu- 
able for occasional use in ornamental planting to give 
variety to the landscape. 

Magnolia. 
Cucumber Tree. (Af. acuminata.) Cannot be regard- 
ed as a safe tree in this section, but a few trees hold on well 
in protected locations in Como Park at St. Paul. 

Moms. Mulberry. 
Russian Mulberry. (M. tartarica,) A bushy tree, 

seldom reaching a height of thirty feet ; foliage of brightest 
green and holds on well into autumn. Leaves of various 
forms. May be trained as a tree, but is generally grown 
as a windbreak in hedge row fashion. It stands clipping 
excellently and can be successfully used for a low hedge. 
The trees are of different sexes; fruit either purplish 
black or white about the size of a small blackberry which 
it resembles in appearance, but its quality is insipid. 
There is quite a difference in the size of fruit from different 
trees and those of best quality should be selected if fruit 
is an object. Generally grown from seed sown as soon as it 
is ripe in early summer. It is scarcely desirable north of St. 
Paul, and may kill back occasionally in almost any situa- 
tion, but the roots never fail to furnish a good crop of 
sprouts and it is seldom that the larger wood is injured. 
Wonderful claims have been made as to the value of this 
tree for post timber, for fruit and for feeding silk worms, 
but it has not been found especially valuable for any of 
these purposes here. 

Tea's Weeping (Mulberry. (M. tartarica.) A pen- 
dant grafted form of the Mulberry that makes a head much 
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like the Kilmarnock Willow. While not perfectly hardy, 

it is on the whole satisfactory and worth using in a small 
way. 

Ostrya. 

Ironwood, Hop-Hornbeam, American Hop-Horn- 
beam or Lever Wood. (O. virginiana.) A pretty, native 
tree of medium size that does well under cultivation. Gen- 
erally hardy, but it prefers some protection from the wind 
and does best in moist, rich land. Grown from seed 
which ripens in autumn. 

Populus. Poplar. 

Silver, White or Abele Poplar. (P. alba.) Of 
rapid growth and rather irregular habit but perfectly hardy 
anywhere. The downy whiteness of the under side of the 
leaves and its white bark make it a tree that can often 
be used to enliven groups of trees of more sombre aspect. 
The wood is fine-grained and valuable for fine finishing 
work. The great objection to it as a street or lawn tree 
is that it sprouts badly, especially if the roots are broken. 
This is, however, no objection to it as a forest tree, for 
which it is very desirable. Propagated by sprouts and 
cuttings. There are several varieties of this and among 
the best are the following: 

Bolleana Poplar. (F. alba, var. bolleana.) The foli- 
age of this variety is much prettier than that of its parent. 
In habit the tree is upright and close, like the Lombardy 
Poplar; useful and beautiful for ornamental planting. It 
is not as easily increased as the Abele Poplar, as it does not 
sprout or root easily from spring-made cuttings. How- 
ever, cuttings of it made in the autumn and well calloused 
before planting out are reasonably certain to grow. Com- 
plaints are made that it dies young, but at the Experiment 
Station it is holding on well. 

Snowy Poplar. {P. alba, var. nivea,) A form of the 
Abele with a much more silvery aspect on account of a 
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greater amount of down on the leaves and young growth. 
Very pretty for contrasting with other trees. 

LoMBARDY Poplar. (P. nigra italica.) Conspicuous 
for its erect, close, columnar form. It can often be used 
in a small way to advantage in ornamental planting to 
secure variety. A rapid grower and very hardy when 
young. In sheltered positions, it stands fairly well, but 
often as soon as it gets to be of much size, it begins to die 
in the top and becomes unsightly. It is improved by 
severe pruning when it commences to be weak in the top. 
Not desirable for extensive planting. Easily grown from 
cuttings. 

Cottonwood. (F. deltoides,) A well known and very 
popular rapid-growing tree. It succeeds admirably in 
Minnesota, but is of little value except as a windbreak. 
With it should be planted some more durable and better 
kind to take its place, as it generally reaches maturity in 
about twenty years and then commences to fail rapidly. 
It should seldom be planted as a permanent tree. The 
cottony float from which the tree gets its name may be 
avoided by growing only those trees that bear staminate 
flowers, u e. those that have the reddish tassels in the 
spring. The cottonwood is generally started from seed- 
lings, but may be grown from cuttings. 

Carolina Poplar. (F. deltoides, var. caroliniana.) A 
form of the Cottonwood that has been selected in Europe 
and from there introduced into this country. It is a very 
healthy, vigorous tree, much less liable to injury from leaf 
rust than the common Cottonwood, and is free from the 
objectionable cotton. A really valuable, rapid growing 
tree, but it should not be planted on a large scale as it has 
a cheap appearance and will probably fail when still 
young. 

Van Gert*s Golden Poplar. (F. ddtoides, var. aurea.) 
A form of the Cottonwood that has conspicuous golden 
green leaves all summer. Desirable for occasional use in 
planting to secure pleasing contrasts and very useful for 
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large park plantings. Of much the same habit as the 
Cottonwood; healthy and a strong grower; easily propa- 
gated by cuttings. 

Norway Poplar. (P. nigra.) This name is given to 
what is probably a very vigorous and desirable form of the 
Cottonwood that comes to us from Europe. 

Russian or Asiatic Poplars were introduced in a large 
way about fifteen years ago. Few are valuable and none 
have proven as good as the best forms of Cottonwood. 

Balm of Gilead, Balsam Poplar. (P. balsamifera.) 
A rather pretty native tree that i.s very common in some 
parts of extreme northern Minnesota where it is a favorite 
for planting on the lawn. Easily grown from cuttings and 
desirable for severe locations. 

Laurel Leaf Poplar. (P. balsamifera, var. laurifolia.) 
A form of the European Balsam Poplar with leaves that 
are white on the underside. Very pretty and generally 
does well. 

Pruhus. Cherry. 

Wild Black Cherry. (P. serotina,) A native tree; 
very pretty at all times and especially so when in blossom 
or when loaded with ripe fruit. Very hardy when grouped 
among other trees, but it frequently sunscalds when stand- 
ing alone. Valuable as an ornamental tree. It yields, 
next to Black Walnut, the most valuable wood grown in 
this state. Flowers in June. 

Wild Red Cherry. (P. pennsylvanica.) A small 
native tree of good form and habit that does well under 
cultivation, but it is short lived. White flowers in May, 
followed by red fruit. Grown from sprouts and root cut- 
tings or from seed. 

Choke Cherry. (P. virginiana.) A small spreading 
pretty native tree that does well under cultivation. White 
flowers in May. Grown from sprouts or from seed. Often 
infested with the Black Knot disease, which makes it un- 
sightly. 
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Prunus Demissa. a native Choke Cherry with better 
fruit than the preceding. 

May Day Tree. (P. padus, var. maackii.) A bushy 

tree from Europe. Flowers appear very early in spring 

and resemble those of the Choke Cherry, but are larger 

and much more beautiful. Desirable for shrubberies and 

should be better known. It starts into growth so very 

early in the spring that it does best when moved in the 

autumn. 

Pynis. 

Wild Crab. (F. ioensis.) This may sometimes be used 
to advantage as a lawn tree. Flowers in May, followed by 
large greenish fruit. 

American Mountain Ash. (P. americana.) This is 
a pretty, hardy, native tree of coarser growth, with larger, 
lighter colored berries than the European species. Flowers 
white, in large clusters. 

European Mountain Ash. (P. aucuparia.) A valu- 
able and popular tree ; very ornamental in flower and fruit. 
It holds on exceedingly well, but is somewhat liable to 
sunscald and blights occasionally. Very hardy when 
established. One of the most desirable lawn trees. 

Weeping Mountain Ash. (P. aucuparia, var. pen- 
dula.) A very hardy pendulous form of the European 
Mountain Ash that makes a conspicuous lawn tree. It 
generally requires some pruning when young to make its 
branches fall evenly around its stem. 

Quercus. Oak. 

The oaks are slow growers but long lived.^ Our best 
species is the Burr Oak, and it should be more generally 
planted. The Red and Scarlet oaks are also excellent lawn 
and street trees and give beautiful effects in autumn. The 
impression prevails that oaks cannot be transplanted, but 
nursery grow^n trees properly handled can be moved with- 
out serious loss, and in rich soil, their growth is quite 
rapid. All the oaks are easily grown by sowing the acorns 
in good soil in the autumn. 
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Burr, 'Mossy-Cup or Over-Cup Oak. (Q. macrocar- 
pa.) Our finest ornamental oak and a magnificent tree 
even in most severe locations. In habit of growth, size 
and form of acorns and cups, it is very variable. This tree 
and the White Oak class, to which it belongs, have very- 
long tap roots. On this account, they generally with- 
stand the treading of cattle or the working of the soil 
around them far better than the Red Oak class, which have 
mostly surface roots when they grow in forests. But if 
the Red Oaks are planted in open ground, they develop 
tap roots and stand well. 

White Oak. (Q. alba.) A valuable timber tree of 
slow growth ; not particularly useful for ornamental pur- 
poses, but its persistent leaves give variety to winter 
scenery. 

Red Oak. (Q. rubra.) A good ornamental and tim- 
ber tree with foliage of a deep red color in autumn. 

Scarlet Oak, (Q. coccinea.) Has brilliant, scarlet 
foliage after the first frosts of autumn. A beautiful orna- 
mental tree. In growing this tree, care should be taken to 
select acorns from trees having the best foliage and habit. 

Swamp White Oak. (Q. bicolor.) A valuable native 
tree found occasionally in Southeastern Minnesota. 

European Oak. (Q. pedunculata.) Some forms of 
this are undoubtedly hardy here, and we have a few that 
are doing well at the Experiment Station, but of those re- 
ceived, many have died out. 

Robinia. Locust. 

Yellow or Black Locust, (i?. pseudacacia.) Too 
tender and uncertain over most of the state, but in shel- 
tered positions in the southern part of the state and north 
to Minneapolis, there are occasional groups of. trees of 
good size. It is of exceedingly rapid growth and the wood 
makes good post timber. It is admired for its racemes of 
pretty white flowers and graceful foliage. Flowers in 
June, followed by short pods which hang on all winter. 
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Ginkgo. 

Maiden Hair or Ginkgo Tree. {G. biloha.) A very 
pretty slow growing tree with peculiar fan-shaped foliage. 
A few specimens have grown well near Minneapolis for 
perhaps twelve years without protection. The young seed- 
lings raised at the Experiment Station have proven ex- 
tremely tender. 

Salix. Willow. 

White, Gray or Huntington Willow. * (S. alba.) 
This most valuable Willow is too well known as a very 
desirable tree for shelter belts to need much space here, 
but its great value forbids passing it without some notice. 
It is the best pioneer tree for exposed places and succeeds 
well almost anywhere if it has a fair chance. In some 
places, the larva of the sawfly severely injures it. By 
giving it a little attention at the proper time, these insects 
may be as easily destroyed as potato bugs, and by the same 
remedies. This willow can often be used to advantage in 
ornamental planting, for street trees, along water courses 
and for a quick growing screen to protect more tender 
trees. 

Russian Golden Willow. (S. alba, var. vitellina.) 
Perfectly hardy and a very rapid grower, making a large 
round-topped tree. At all times a good tree but especially 
handsome and conspicuous in the latter part of winter and 
towards spring when the bark turns a light golden yellow, 
giving the tree the brightness of a sunbeam. A far better 
and prettier tree than the common Golden Willow, which 
is also hardy here. Very desirable for screens and wind- 
breaks and easily grown from cuttings. 

Britzensis Willow. {S. alba, var. britzensis,) This 
resembles the Russain Golden Willow, but it is not quite 
so vigorous and has rather salmon colored bark in 
spring and always takes on a pointed top while the Golden 
Willow has yellow twigs and takes on a rounded head. 
Easily grown from cuttings and desirable for lawn and 
park planting. 
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Royal Willow. (S. vitellina, var. regalis,) A quick 
growing tree of medium size ; close, pretty habit and light, 
downy gray colored bark and foliage; very valuable for 
enlivening plantings and securing contrasts. Much used 
in fine park planting where well known. It occasionally 
kills back on the new growth but makes a satisfactory low 
tree. 

Laurel Leaf Willow. One of the most con- 
spicuous medium sized trees that we have, with large 
dark green leaves that shine as if varnished. Of close, 
pretty habit and scarcely resembles any of the common 
willows in appearance. Occasionally killed by a blight, 
but it is easily started and often holds on well. 

Napoleon's Willow. (S. napoleonis.) A pretty little 
spreading dwarf willow from Russia, with fine twigs and 
narrow bluish leaves. It is desirable for covering unsight- 
ly banks, and for edging water courses and makes one of 
the neatest and best of small hedges if given a little prun- 
ing. Very hardy, but the young growth is sometimes a 
little injured in severe winters at the Experiment Station. 

Purple Leaf Willow. (S. purpurea,) One of the 
best of the osier willows, often making fine slender rods six 
feet long, in one season. The foliage and bark are of 
bluish color and may sometimes be used for variety in 
shrubberies. Easily grown from cuttings. 

Wisconsin Weeping Willow. A fine, quick growing 
large tree, with pendulous branches. The small twigs are 
sometimes injured at the Experiment Station but it 
quickly outgrows any winter injury that it may receive. 
One of the most desirable weeping trees. Easily grown 
from cuttings. 

Thurlow Willow, One of the best pendant forms, 
but unreliable here. 

Kilmarnock Willow. (S. caprea, var. pendula.) Too 
tender for this state, but often sold here by unscrupulous 



ORNAMENTAL TREES AND SHRUBS. 257 

or ignorant agents. It seldom survives more than one 
winter. 

Blackish Willow. (Salix nigricans.) An unusual 
form of willow, becoming a large bush. Foliage round, 
twigs and leaves, very dark green. Habit erect, conspic- 
uous, doing well. 

Tilia. Basswood. 

Basswood or American Linden. (T. americana.) One 
of the most beautiful large native trees. It thrives best in 
porous clay soils, but does well generally. It is a good 
street tree in suitable locations and is not used nearly as 
much for ornamentation as it should be. If young trees are 
taken from the woods and at once planted out so that the 
trunk is exposed they are very liable to sunscald. On this 
account, newly planted trees should have their trunks pro- 
tected with straw or other material until the trees are 
large enough to shade themselves. 

European Linden. {T, vulgaris,) Hardy but in every 
way inferior to our American Basswood. 

Ulmus. Elm. 

American or White Elm. (C7. americana.) One of 
our best street trees. Its chief fault is a tendency to break 
in the crotches until the head is well developed. This in- 
jury may be largely avoided by shortening the long 
branches. There is often a great difference in the habit of 
individual specimens of this tree. Some are very weak and 
break easily in the crotches while others show no such 
weakness. Undoubtedly, nurserymen are somewhat neg- 
ligent in selecting their seed and should pay more attention 
to propagating only from the best specimens. A few 
nurserymen have been grafting the best kinds, the idea 
being to secure trees of the same habit for street planting. 

English Elm. (C7. campestris.) Has been grown to 
only a limited extent in this state, but is doing well in a 
few favorable locations. In habit it diflfers from our 
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American Elm in that the limbs project from the trunk at 
nearly right angles. Grown from layers or suckers. 

Silver or Variegated Elm. (f/. campestris argentea.) 
Of very slow growth but pretty and is doing well at the 
Experiment Station. 

Red or Slippery Elm. (U. pubescens.) A good small 
or medium-sized tree; desirable for forest planting. The 
red wood is straight-grained and a valuable timber for 
many purposes. Not as desirable for street planting as 
the White Elm. Grown from seed which ripens in June. 

Cork or Rock Elm. (U. racemosa.) A valuable na- 
tive tree of large size that varies very much. This has 
much harder, stronger and more durable wood than the 
Red Elm. A valuable tree for ornamental or timber plant- 
ing. Grown from seed which ripens in early autumn. 

Camperdown Weeping Elm. (U. montana, var. cam- 
perdozvnii.) A very beautiful weeping tree, not generally 
regarded as being hardy here, but is holding on well. 

Dwarf Elm. {U. effusa.) A dwarf compact tree 
holding on well. 

Nettle Leaf Elm. (C/. urticifolia.) A few speci- 
mens are doing well at the Experiment Station. An in- 
teresting form. 

Scotch Elm. ([/. montana.) Holding on well, but 
evidently not as hardy as the White Elm. 

EVERGREEN TREES. 

Abies. Balsam. ' 

Balsam Fir, Balsam Spruce or Balm of Gilead Fir. 
(A. balsamea,) This well known evergreen is very abun- 
dant in eastern Minnesota, where it makes a slender tree 
of much beauty in moist, not wet, soil, but it is not nearly 
as valuable for screens or ornamental planting generally 
as the White or Norway Spruce and should be used spar- 
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ingly in dry locations. It often loses much of its beauty 
when old, especially if at all aflfected by lack of water in 
the soil. 

White Fir or Silver Fir. (A. concolor.) A Rocky 
Mountain Fir with long, light colored beautiful foliage. 
It varies much in color, some specimens being a soft light 
pea green color. Well grown specimens are very beauti- 
ful. When young, it rather inclines to spread out "and be 
sprawling in habit, but in a few years it takes a start up- 
ward and makes a good tree. We have grown it at the 
Experiment Station for twenty years, and it has shown 
itself to be hardy except in very severe winters, when it 
is sometimes injured. It needs some protection in winter, 
such as a covering of boughs will afford. 

NoRDM Ann's Silver Fir. (A. nordmanniana,) Not sat- 
isfactory at the Experiment Station, as the foliage sun- 
burns badly. 

Rocky Mountain Balsam Fir. (A. sub-alpina,) A 
very compact balsam which resembles the common Balsam 
Fir of this section but it is closer in habit and very pretty. 
Of slow growth but extremely hardy. 

Junipcrus. Juniper. 

Red Cedar or Juniper . (/. virginiana,) Well known 
and found in many parts of Minnesota. It does well in 
the driest and quite exposed, as well as in sheltered loca- 
tions and forms an admirable windbreak. When trimmed, 
it forms a pretty hedge. When grown in alternate rows 
with Scotch Pine or White Pine, a screen is formed as im- 
penetrable by wind as a stpne wall. Grown from seed that 
will often remain dormant for a year in the soil before 
growing. The native form of this is much hardier than 
that found farther south, and is the only form known that 
should be used here. Occasionally newly set plants are 
severely injured in winter and the tree is safest when 
somewhat protected from wind. 

Common Juniper. (/. communis.) A native, pros- 
trate shrub, that is common along our river bluffs in spm^ 
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places. It forms a mass of low spreading branches and 
may sometimes be used to good advantage in lawn plant- 
ing. Will stand shearing well. Hardy and satisfactory 
everywhere. 

Silver Cedar. This is a form of the Red Cedar from 
Colorado and the Rocky Mountains that has silvery foli- 
age and may often be used to advantage for contrast with 
other evergreens. It is hardy at the Experiment Station 
but has been liable to attacks of some disease that injures 
the lower branches. 

Trailing or Savin Juniper. (/. sahina,) A pretty 
dwarf trailing native Juniper, which is readily pruned to 
a variety of forms. It makes a fine specimen plant and is 
very desirable for occasional use. Its weakness is a ten- 
dency to blight. 

Pinus. Pines. 

White Pine. (F. strobus,) One of the most valuable 
and beautiful evergreen trees that we have. It makes a 
fine ornamental specimen or windbreak. In eastern, north- 
eastern and southern Minnesota it is long-lived, hardy and 
of rapid growth in almost any soil or situation when once 
established. In severe locations it requires some protec- 
tion from spring winds. Unreliable in western Minnesota, 
except in very sheltered locations. 

Cembra Pine. (P. cembra.) Introduced from Europe. 
Very compact in habit and ornamental, but of slow growth. 
Long-lived. 

Limber Twig Pine. (F. flexilis.) This Rocky Moun- 
tain White Pine appears to be perfectly at home here, al- 
though it is of rather slow growth. Not as desirable for 
planting as the White Pine, but interesting for variety. 

Red or Norway Pine. {P. resinosa.) For ornamental 
planting, this tree rivals the White Pine. It is of good 
form, rapid growth, long-lived and perfectly hardy when 
once established. Young trees of this Pine have been 
difficult to obtain for several years. But few nurserymen 
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offer them and when they do, it is at about twice the price 
of the White Pine. The seed too, we have found difficult 
to obtain for the last few years. 

Scotch Pine. (P. sylvestris.) Introduced from 
Europe. A quick growing tree and a favorite with tree 
planters. Very hardy and easily grown, but in this climate 
it seems to mature in about twenty years and then begins 
to look scrawny and bare. A valuable tree to plant as a 
pioneer evergreen. 

Austrian or Black Pine. {P. austriaca.) Intro- 
duced from Europe; somewhat resembling the Norway 
pine, but the needles are stiffer and the tree is perhaps 
more symmetrical in habit. Very handsome and useful 
for giving variety to plantings and exceedingly hardy. 

Heavy Wooded or Bull Pine. (P. ponderosa,) A 
Rocky Mountain species, some forms of which are un- 
doubtedly among the hardiest of pines but other forms are 
quite tender. The best form is hardy enough for this sec- 
tion but we have not been able to get this with certainty 
and lost a large number of trees in the winter of 1904-05. 

Dwarf 'Mugho Pine. (P. mughus.) Introduced from 
Europe. A very hardy and long-lived dwarf pine, seldom 
growing over six feet high, shrub-like in habit and very 
thick and bushy. It is desirable for ornamental planting 
and single specimens are often very handsome. It also 
makes a good windbreak; of rather slow growth; the 
plants vary much in aspect but all have a dwarf habit. One 
of the hardiest and longest lived of cultivated pines. 

Picea. Spruce. 

White or Blue Spruce. (P. alba.) Perhaps the 
best spruce that we have. When once established, it is 
very hardy and beautiful ; much hardier than the Norway 
Spruce, but in habit not so graceful and resembling the 
Balsam Fir. The seed of this tree is difficult to obtain 
and the young trees generally cost considerably more than 
the Norway Spruce. The Black Spruce is sometimes sub- 
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stituted for the White Spruce, which it somewhat resem- 
bles when young. A native timber tree with cones two 
inches long that fall off when ripe. 

Norway Spruce. (F. excelsa,) A good evergreen 

tree that is generally doing well in this state. A strong 

grower, having a beautiful pyramidal form and drooping 
habit when fifteen to twenty feet high. Its foliage is 
occasionally browned a little, but the tree holds on well. 
Very desirable for windbreaks. On account of the scarc- 
ity of White Spruce, this tree has been and is destined 
to be largely planted. Its cones generally form near the 
tops of large trees and are often eight and seldom less 
than six inches long. Easily grown from seed. 

Black or Double Spruce. (F. nigra.) . This is far 
more abundant in our native woods than the White Spruce 
which is quite rare. It is comparatively worthless for 
planting in this state, seldom giving satisfaction. A slow 
grower, it is pretty when young, with a decidedly dirty 
aspect when it comes to bear seed, as the cones do not drop 
off like the cones of the Norway and White Spruces, but 
remain decaying on the trees for years. This, with its en- 
feebled growth, which shows when the trees first bear 
seed, make it quite unsightly. The planting of this Spruce 
has led to much disappointment. Unscrupulous persons 
often sell this for the White Spruce, which it resembles 
when young. Cones small, one to one and a half inches 
long. Trees often bear cones when only a few feet high. 

Colorado Blue Spruce. (F. parryana.) A tree of 
exceeding great beauty from the Rocky Mountains, where 
it is found growing in very severe exposures. It seems to 
be of wide adaptability. Its chief beauty lies in the beau- 
tiful light blue color of some specimens. In growing this 
tree from seed, it is found that only about one-third of the 
seedlings have the desired blue color, while the remaining 
two-thirds have a rich green color. One of our most popu- 
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lar evergreens and it appears to be perfectly at home here. 
Not as rapid a grower as the Norway or White Spruce. 

Engelman's Spruce. (F. cngelmanni.) Introduced 
from the Rocky Mountains. It somewhat resembles the 
Colorado Blue Spruce, but has blunt-pointed shorter 
needles. It is a slow grower, but very pretty and desirable. 

Pseudotsuga. 

Douglas Spruce. (P, taxifolia.) Another Rocky 
Mountain conifer which is quite unique in its botanical 
relation to other confers. In form of foliage, it resembles 
the Hemlock and the Balsam, but many specimens are of 
a bluish color. The Rocky Mountain form of this is one 
of our hardiest evergreen trees. Its new growth is liable 
to injury until it is over two feet high, but later, it out- 
grows such injury and makes a fine tree. An experience 
of twenty years with this tree seems to show that it is 
destined to be largely planted when better known, as seed 
is abundant and easily grown. 

Retinospora. Japan Cedar. 

Japan Cedar. The many beautiful varieties of this 
plant are too tender to successfully withstand our winters. 
They may, however, be successfully grown out doors in 
tubs and on the approach of winter weather be removed 
to a cold cellar. 

Tsuga. 

Hemlock. (T. canadensis.) A native tree that is 
abundant in parts of Wisconsin, but found only occasion- 
ally in Minnesota. It is a valuable timber tree of mag- 
nificent habit and proportions and one of the most grace- 
ful. There is a very general feeling among planters that 
it is not hardy here, but at the Experiment Station we 
find that when planted among other trees, it is satisfac- 
tory and only occasionally is its foliage browned. Well 

worthy of more extended use in somewhat sheltered loca- 
tions. 
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Thuja. Arborvitae. 

Arborvitae or White Cedar. (T. occidentalis.) Very 
common in swamps in eastern Minnesota and Wisconsin. 
Valuable as single specimens and for screens and hedges. 
It will not stand well in very dry or exposed locations, 
but makes a good growth in any retentive soil when once 
established. It varies much under cultivation and most 
of its varieties are desirable. Among the best of these 
are the following: 

Siberian Arborvitae. (T. occidentalis, var. siberica.) 
One of the best varieties for favorable locations. Of a 
dark rich color and of compact habit. 

Pyramidal Arborvitae. (T. occidentalis, var. pyramid- 
alis.) Of upright pyramidal, almost columnal form, and 
very distinct, handsome foliage. One of the hardiest kinds 
grown. It gives variety when planted among other ever- 
greens. 

Golden Arborvitae. (T. occidentalis, var. douglassi.) 
A strong growing kind. In habit, like the common arbor- 
vitae, but has a bright golden color; conspicuous and 
pretty but occasionally it sunscalds badly. 

SHRUBS. 

Amelanchier. 

Juneberry, Shadbush, Service Berry, Suscutan 
Berry. (A. botryapium.) A shrub or occasionally a small 
tree. Its flowers are fhite and conspicuous; are produced 
in very early spring and are followed by edible fruit. The 
foliage is generally healthy. Valuable for early spring 
effects or in large shrubberies. Hardy. 

Aralia. 

Aralia or Hercules Club. (A. mandshurica.) A very 
odd looking bush with large compound leaves, and prickly 
stem, that gives it a semi-tropical aspect. With us, it fre- 
quently kills to the ground but starts quickly from the 
roots in spring and makes a growth of from three to five 
feet. It prefers a retentive soil. 

Berberis. Barberry. 

Common Barberry. (B. vulgaris.) A strong growing 
shrub with handsome foliage, many sharp prickles, yellow 
flowers in June and red fruit. Found occasionally spon- 
taneous in this state. It makes a fair hedge and is desir- 
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able for grouping. Very hardy here but it fruits only spar- 
ingly. Its foliage is occasionally disfigured by the cluster 
cup fungus. 

Oregon Grape, Holly Leaf Barberry. (B. aquifolia,) 
A trailing shrub well adapted for a soil cover in protected 
locations. Foliage ornamental and generally evergreen 
when protected in winter. Flowers bright yellow in large 
close panicles. Hardy with some protection. 

Purple Leaf Barberry. (B. vulgaris, var. purpurea.) 
A fine ornamental shrub with purple foliage and small yel- 
low flowers in May. Valuable for contrasting with plants 
of lighter foliage. When grown from seed, many of the 
plants will be green in color but most of them will be 
purple. 

Thunberg's or Japan Barberry. (B. thunbergii,) A 
very pretty spreading bush of small size. The foliage is 
small and bright green in summer, changing to a bright 
red in autumn. Often badly injured in severe winters and 
needs some protection here. 

Caragana. Pea Tree. 

Caragana or Siberian Pea Tree. (C. arborescens,) 
A Siberian shrub of close, neat habit; locust-like leaves 
and leaflets, and bright yellow pea-shaped flowers early 
in spring, followed by long slender pods. Its new foliage 
is very beautiful in its mouse ear gray. Very pretty for 
a division line between city lots and for grouping. As a 
hedge, the'worst objection to it is that in dry years it turns 
brown early in autumn. It bears pruning well and is prob- 
ably one of the hardiest of cultivated plants. 

C. redozvskiy C. pygmea and C. chamlagu are all hardy, 
but none of them are as desirable as the C. arborescens, 

Comus. Dogwood. 

Red Osier Dogwood or Red Twigged Dogwood. (C 
stolonifera.) A native shrub from three to six feet high, 
with bright red bark in winter and small white flowers in 
June. It sends up many sprouts from the roots. Very 
pretty either single or grouped with other shrubs. 

C. sanguinea, A European species similar to the 
above in foliage and flowers, but the bark is of a dark blood 
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red color and it does not sprout from the roots. Valuable 
for ornamental planting. 

Flowering Dogwood. (C florida.) Too tender. 

Silky Cornel. (C sericea,) A native shrub that is 
found abundantly in our woodlands. It has conspicuous 
white clusters of flowers followed by white berries. Valu- 
able for large shrubberies. 

Deutzia. 

I), gracilis. Generally comes through the winter 
here safely if given some protection. A pretty small shrub 
with racemes of white flowers. The tall growing forms of 
Deutzia, so common and satisfactory in the eastern states, 
are not successfu' here. 

Diervilla. Weigelia. 

There are many species and varieties of the Weigelia 
that are very beautiful but most of them are quite tender 
in this state unless heavily protected in winter. D, rosea, 
however, is quite satisfactory here and is well worth grow- 
ing by those having somewhat protected locations. It pro- 
duces large clusters of rose-colored trumpet shaped flow- 
ers in June. Pretty and desirable. Very hardy, but is oc- 
casionally injured by severe winters and is improved by 
slight protection. 

Eleagnus. 

Russian Wild Olive. (E, angustifolia.) A desirable, 
hardy, small, lawn tree. Referred to under the head of 
trees. 

Silver Leaf Oleaster. (E, argentea.) A native 
shrub having beautiful silvery foliage. Perfectly hardy. 
In some sections it is common in clumps on the open 
prairie. 

E, longipes. Not hardy. 

Euonymus. Burning Bush. 
EuoNYMUs, Burning Bush or Spindle Tree. {E. 
atropurpurcus.) This is our native species and forms a 
shrub or small tree six to fourteen feet high. Cultivated 
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for its pretty and striking appearance in autumn, when 
covered with its abundant crimson fruit. Hardy. 

European Burning Bush. (£. maackii.) A tall shrub 
or small tree which produces enormous quantities of 
brilliant fruit in autumn. The best Euonymus tried at 
the Experiment Station. 

Exochorda. 

Pearl Bush. (£. grandiflora.) We carried this along 
for several years at the Experiment Station by covering it 
in winter, and flowered it several times, but finally lo'st it. 

Forsythia. Golden Bell. 

F. fortunii. This shrub generally comes through our 

winters without much injury, but while it grows rapidly, 

it seldom produces flowers because the flower buds are 

killed in winter. With slight winter protection it may be 

flowered here quite successfully. 

F. veridissima. This acts much the same as the forego- 
ing. 

Halesia. 

H. tetraptera. Too tender. 

Shrubby Althea. Hibiscus. 

Rose of Sharon. (//. syriacus.) All cultivated forms 
of this, so far as tried, are too tender to be satisfactory in 
this state. 

Hippophae. Sea Buckthorn. 

H. rhamnoides. Foliage grayish white. Useful for 
large shrubberies. Sprouts from the roots. Hardy. 

Hydrangea. Hardy Hydrangea. 

H. pantculata. This is the original type of the popular 
large flowering hydrangea. It has open panicles and only 
a few sterile flowers. A very pretty shrub, but not as 
much admired as the next species and not much grown. 

Large Flowered Hydrangea. (//. paniculataj var. 
grandiflora.) This is probably the most popular hardy 
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shrub in cultivation. It is. admired for its handsome large 
clusters of white flowers which appear in August, when 
but few shrubs are in blossom. It is easily grown and is 
generally hardy without protection. Of clean, robust 
habit, it should be in every collection of shrubs. Very 
hardy at the Experiment Station, but it winter kills com- 
pletely in very trying situations unless heavily protected. 
In exposed situations it should always have a heavy mulch 
about the roots in winter. 

Hjrpericum. St. John's Wort. 

We have grown H. aureum, H. kalmianum^ and H. 
salicifolia and have succeeded in carrying the first two 
along for several years with fairly satisfactory results, but 
finally lost them along with the latter — which is even more 
tender. 

Kerria. Corchorus. 

Japanese Corchorus. {K. japonica.) A slender 
shrub of dwarf habit and bearing small globular flowers all 
summer. Useful for variety. Needs protection. 

Ligustrum. Privet. 

None of the Privets so far tried here have proven per- 
fectly hardy, but a form of the common Privet, known as 
Polish Privet, has proven quite satisfactory at the Uni- 
versity Farm for nearly twenty years. It has killed back 
to the ground several times, but has always started from 
the roots quickly and outgrown any injury. It has flower- 
ed several times and we have used it with satisfaction in 
our sample hedges, where it has proven decidedly orna- 
mental. While we do not recommend it for general 
planting, it will give satisfaction in protected locations. 

Lonicera. Bush Honeysuckle. 

L. alberti. A pretty almost creeping plant that has 
narrow leaves and violet bell-shaped flowers. Is giving 
good satisfaction in favorable locations, but at the Uni- 
yersity farm, it has not proven especially desirable. 
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Fragrant Upright Honeysuckle. (L. fragranHss- 
ima.) Good. Hardy. 

L. morrozmi. A nice large shrub from Japan, that 
produces lots of bright red fruit. Hardy. 

L. ruprechtiana. A compact large shrub having- large 
showy red fruit. 

Tartarian or Common Honeysuckle. (L. tartarica.) 
A well known shrub that sometimes grows twelve feet 
high. The common form has pink flowers but there is a 
variety with white floewrs. All the varieties of this plant 
are hardy, satisfactory and well adapted to parks and large 
lawns in this section. Among the best of its varieties are 
the forms known as L. grandiflora and L. splendens. 

Myrica. 

M. cerifera. Too tender. 

Pavia. 

Dwarf White Horse Chestnut. {P. maceostachya,) 

Too tender. 

Philadelphus. 

Syringa or Mock Orange. A valuable standby of 
the old gardens where it has always been decidedly popu- 
lar. A few kinds form large compact bushes, often ten 
feet high, but may be kept lower by pruning. Their white 
flowers appear in abundance in June, and are very beauti- 
ful. The dwarf sorts are nice small shrubs but do not yield 
many flowers, although these have a delightfully spicy 
odor. 

Garland Syringa. (P. coronarius.) The form com- 
monly grown, and most popular, and one of the best large 
shrubs. Flowers very fragrant. Hardy. 

Golden 'Leaf Syringa. A pretty dwarf form seldom 
6ver four feet high: Foliage golden yellow and holds its 
Color the entire season. Valuable for enlivening shrub- 
beries and creating a pleasing effect on the lawn. Flowers 
not as large as the flowers of the Garland Syringa, but ex- 
ceedingly fragrant. Perhaps our best shrub with yellow- 
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ish foliage. Hardy. Like all plants with yellowish leaves, 
this plant is most brilliant in full sunlight and may almost 
lose its yellow color in partial shade. 

Gordon's Syringa. (P. gordonianum.) Of vigorous 
growth and profuse in bloom. Flowers fragrant but late ; 
desirable. 

Large Flowered Syringa. {P. grandiflorus.) Bears a 
few large flowers that are scarcely fragrant. Bush straggl- 
ing. Not especially desirable, nor as hardy as the first 
mentioned. 

P. speciosa. Compact in bush and profuse in bloom. 
Flowers large, white and sweet-scented. 

P. lemonii and P. microphylla are dwarf forms having 
small narrow leaves and small white flowers; quite dis- 
tinct in habit from the others mentioned. Valuable for 
variety. Hardy. 

Prunus. 

Included in the genus prunus are some of the prettiest 
of our early flowering shrubs. 

Double Flowering Almond. (P. japonica.) Both the 
red and white forms of this are generally satisfactory. 

P. tomentosa. Failed at University Farm after grow- 
ing a few years. 

Double Flowering Almond. (F. triloba,) Flowers 
double, delicate pink in color, about one inch in diameter 
and thickly set on the branches. Appearing in May; desir- 
able. 

Purple Leaf Plum. {P. pissardiL) A small tree or 
shrub, much used in a milder climate for the striking effect 
of its deep reddish foliage. Good for enlivening shrub- 
beries. Too tender for this section. 

Ptelea. Hop Tree. Trefoil. 

P. trifoliata. A large shrub or small tree ; leaves com- 
pound; flowers inconspicuous; followed by large clusters 
of flat roundish winged seeds; of rapid vigorous growth. 
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Adapted to large shrubberies or for a large screen. Hardy. 
Golden Leaf Hop Tree. (F. trifoliata, var. aurea, ) A 
form of the foregoing having yellowish foliage which holds 
its color well. Appears from a short trial to be hardy. 

Rhamnus. Buckthorn. 

Purging or En(«lish Buckthorn.. {R. catharficus.) 
A large, robust, vigorous shrub or small tree. Flowers in- 
conspicuous, followed by black berries. Well adapted to 
the purposes of a high screen or a low hedge. Single speci- 
mens can often be used to advantage in large grounds 
and parks. Bears pruning well. Hardy in almost any 
situation and probably the safest of all hedge plants for 
this section. 

R. frangula. A robust large shrub of good form and 
foliage. Not as hardy as R. catharticus, but stands well. 

Alpine Buckthorn. (R. alpinum.) A good shrub, 
conspicuous for its large beautiful glossy rugose foliage 
and neat habit. Unfortunately, it is liable to be severely 
winter killed. 

Rhus. Sumach. 

Fragrant Sumach. (R. aromatica,) A spreading 
low shrub with aromatic foliage. Used for a ground cover 
for some large plantings in milder climates. We have 
carried it along for several years ; however it makes little 
progress and the tops are often severely injured in the 
winter. 

Dwarf Sumach. (R. copallina,) Foliage shiny green, 
changing to a rich crimson in autumn. A good shrub, but 
not as satisfactory as our common native form, R, glabra. 

Purple Fringe or Smoke Bush. (R. cotintis.) Much 
admired for its curious hair-like flowers and seed clusters 
which give an airy, almost smoke-like appearance to the 
plant. It makes a large straggling bush. Not entirely 
hardy here but holds on well in favorable situations. 

Smooth Sumach. (R. glabra,) A common native 
plant that is very effective and beautiful in autumn when 
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its foliage and fruit clusters turn a deep rich crimson. Well 
adapted for use in large shrubberies and hardy. 

Cut Leaf Sumach. (R. glabra, var. laciniata.) A 
form of the above with deeply cut fern-like leaves which 
are dark green above and light below. Colors the same as 
R. glabra in autumn. Not so hardy as the species — but does 
well when once established. 

R. osbeckii. A large shrub often twelve feet high with 
pretty foliage of good autumn coloring. Good for large 
shrubberies. Hardy. 

Staghorn Sumach. {R. typhina.) A large shrub or 
small tree with good foliage and brilliant autumn color- 
ing. Hardy. 

Ribes. Currant. 

Alpine Currant. (R. alpinum.) A compact, dwarf 
shrub, seldom over three feet high. Flowers inconspicu- 
ous, small, yellow; one of our best low shrubs. Foliage 
holds on until into November; endures shade well. Makes 
an ideal low hedge (under three feet) and is easily kept 
in a dwarf form. Well adapted for the small place where 
good clean foliage is of more importance than flowers and 
it should be more generally known. Hardy in almost any 
situation. 

Yellow Flowered Missouri Currant or Spice Bush. 
(i?. aureum.) An old favorite and still one of our best large 
shrubs. It has a profusion of yellow flowers in May or 
June, followed by purplish black shiny fruit. The form 
commonly grown in our nurseries produces little fruit, but 
a form from Colorado, known as Crandall Currant, is very 
productive of the large purple fruit that is used for jellies 
and sauces. Should be in every large collection. 

Crimson Flowering Currant. 

Gordon's Currant. (R. gordoniannum) and {R. san- 
guineum.) Crimson flowering currant are not hardy at 
University Farm. 

Rubus. Raspberry. 

Rose Flowering Raspberry. (R. deliciosus,) A rather 
pretty small shrub from Colorado, having white flowers 
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nearly as large as and closely resembling those of the com- 
mon wild rose. A pleasing plant for shrubberies. Hardy. 

Flowering Raspberry. (R. odoratus.) A shrub with 
large foliage and rosy purple flowers. Useful in shrub- 
beries. Requires some protection in winter. 

R. crataegifoHus. A cut leaved bramble which has 
proved tender at University Farm. 

Sambucus. Elder. 

Common Elder. (5*. canadensis.) A large native 
shrub having broad flat clusters of white flowers in June 
and July, followed by large clusters of reddish purple 
berries in autumn. Hardy. 

Cut Leaf Elder. (S. canadensis, var. laciniata.) A 
form of our native Elder that has deeply cut foliage. One 
of our best shrubs and destined to be a favorite when 
better known. Hardy. * 

Black Berry Elder. {S. nigra,) From Europe, 
resembling our native species but not as hardy. 

Golden Elder. (5*. nigra, var. aurea.) One of our 
best golden leaved plants. Its flowers are very attractive. 
Useful for enlivening shrubberies. Stands well in shel- 
tered locations but in exposed places should have some 
protection about its roots in winter. 

Red Berry Elder or Rocky Mountain Snowball. 
(S. racemosa.) A large native shrub, producing its round- 
ish white flower clusters in the early spring before its 
leaves, which are followed by clusters of bright red berries 
in July. Desirable for large places. 

Common Cut Leaf Elder. (S. racemosa, var. lacin- 
iata,) Kills to the ground each winter. Not satisfactory. 

Spirea. Meadow Sweet. 

5. arguta. Of dwarf graceful habit. Foliage bright 
green, narrow, flowers white in May. Requires some pro- 
tection here in winter. 
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White Beam Leaf Spirea. (S. aerifolia.) A beauti- 
ful species from the Pacific Coast. Not satisfactory here. 

S. billardu A small shrub ; flowers rose colored on the 
new growth. Should be mulched in winter. Stands well. 

5*. humalda, A dwarf but vigorous shrub producing 
rose colored flowers throughout most of the summer. 
Hardy. 

S. bumalda, var. anthony waterer. A form of the above 
with darker flowers and more dwarf habit but thrifty and 
vigorous. Flowers all summer. A desirable small shrub. 

Fortunes Spirea. (S. callosa.) Has large clusters of 
rose colored flowers in summer. Hardy. 

Hawthorn Leaf Spirea. {S, crataegifolia.) A good 
large spreading shrub; flowers white in June and in great 
profusion. Hardy. 

Douglas Spirea. (S. dougiasii,) A shrub of medium 
size. Flowers rose colored in spikes. Hardy. 

Ninebark. (S. opulifolius.) A strong growing large 
spreading native shrub. Flowej's white in clusters in June. 

. Golden Spirea. (S. opulifolius, var. aurea.) One of 
our best golden leaved plants and satisfactory everywhere. 
Makes a striking and pretty hedge that stands shearing 
well. Hardy. 

Double Flowering Plum Leaf Spirea or Bridax- 
Wreath. (S. prunifolia, var. floro pleno.) A beautiful 
shrub but not quite safe here. 

Lance Leaf Spirea. (5. reevesii or lanceolata.) A 
decidedly handsome shrub. Flowers white in profusion 
in June. 

Round Leaf Spirea. (5. rotundifolia.) Leaves round- 
ish ; flowers white in June. A distinct and good kind. 

Sorb Leaf Spirea. (5*. sorbifolia.) A vigorous spread- 
ing species. Flowers white in pointed clusters in mid-sum- 
mer. Leaves like those of the Mountain Ash. A distinct 
and good sort. Hafdy. 
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Thunberg*s Spirea. (S. thunbergii.) A narrow leaf 
Spirea, more esteemed for its graceful habit than its white 
flowers which appear before the leaves. Largely used in 
milder climates. Have carried along a few specimens at 
the University Farm for many years by bending the 
branches to the ground and covering in winter, but it is 
unreliable here unless protected. 

Elm Leaf Spirea. (S. ulmifolia.) Leaves resemble 
those of the Elm. Flowers white in clusters in June. Not 
especially desirable. Hardy. 

BRroAL Bower. (S. van houttei.) Undoubtedly the 
best of the Spireas for this section. Perhaps the most 
popular shrub cultivated. A shrub of excellent habit; 
branches drooping and at flowering time covered with 
masses of clear white flowers so numerous as to hide the 
leaves from view. Satisfactory in every way and should 
be in every collection. 

Symphoricarpus. 

Snowberry. (S. racemosa.) A shrub of medium size 
with small pink flowers, followed by white wax-like berries 
that hold on through the early winter and is its chief attrac- 
tion. *Hardy. 

Red Fruit Snowberry or Indian Currant. {S, vul- 
garis,) A native shrub that is hardy everywhere and com- 
mon on our western prairies. Flowers and fruit small. 
Fruit purple and hangs on the shrub all winter. May be 
trimmed to a close compact hedge that can be used to 
advantage for edgings of borders. There is a very nice 
little hedge of this at the Canadian Experiment Station 
at Indian Head, Assiniboia. 

Chionanthus. White Fringe. 

White Fringe. (C. virginica.) A large shrub or 
small tree of roundish form. Foliage is large, dark green, 
leathery and beautiful. Flowers in delicate drooping 
racemes of pure white, appearing in May or June. Very 
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beautiful. Not hardy here, but may be successfully 'win- 
tered by the use of mulch about the roots and covering the 
tops. 

Syringa. Lilac. 

Japan Tree Lilac. (S. japonica,) A vigorous Lilac 
that often makes a small tree or large shrub. Several 
specimens on the University Farm have a diameter of four 
inches and are thrifty and vigorous. Foliage, leathery, 
dark green and glossy and seldom injured by insects or 
diseases. Flowers creamy wrhite, odorless, in great cream 
colored panicles a foot or more long. Blooms in the latter 
part of June, a month after the common lilacs are goiie. 
Hardy and satisfactory. 

Lady Josikae^s or Chionanthus Leaf Lilac or Hun- 
garian Lilac. (5. josikea.) A large shrub that easily 
takes on the tree form. Foliage oval, dark green, shiny, 
beautiful. Flowers purplish in June after the common 
Lilacs are through flowering. Hardy and satisfactory. 

Chinese Lilac. (S. pekinensis,) A large shrub; 
foliage smooth green; flowers creamy white — appearing 
in the latter part of June. Hardy. • 

Persian Lilac. (5*. persica.) A rather dwarf form of 
the Lilac. Foliage narrow; flowers bright purple. Not 
quite hardy enough for general use here. The Rouen 
Lilac (next species), which it resembles, is much better in 
every way. 

Rouen Lilac. (S. rothmagensis,) Said to be a 
hybrid between the Persian and the common Lilac. Quite 
commonly referred to as the Persian Lilac, which it some- 
what resembles in its foliage. It makes a larger bush and 
is far better than the latter in every way and is, in the 
opinion of the writer, the most beautiful lilac in cultiva- 
tion. Flowers reddish, very abundant, in large panicles. 
Hardy. 

5*. villosa, A large shrub. Foliage plaited, vigorous 
and healthy ; flowers light purple in bud ; white when open 
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and fragrant, appearing about two weeks after our com- 
mon kinds are through flowering. Hardy and satisfactory. 
Common Lilac. (S. vulgaris.) This large shrub is 
too well known to need much notice here. It is one of the 
most satisfactory of all shrubs and its many beautiful 
nursery varieties should receive more general attention. 
For purposes of a screen, it is one of the best. A grand 
and beautiful old stand-by that should receive first atten- 
tion at the hands of planters. 

Tamarix. 

Amour Tamarix. (T. amurensis.) A straggling shrub 
of graceful habit. Foliage light grayish green in color; in 
form resembling that of the Juniper. Flowers blue in cat- 
kins, during the summer and early autumn. Frequently 
kills back at the top but is seldom injured at the roots and 
soon outgrows such injury. At the University Farm it is 
used in all large shrubberies for its grace and beauty. Sat- 
isfactory. 

T. africana. When planted in favorable locations will 
often hold on for a few years but soon dies out. 

T. gcUlica. Will hold on a short time but is liable to 
kill out entirely in severe winters. 

Viburnum. Arrow Root. 

Maple Leaf Viburnum. (V. acerifolium.) A small 
shrub. Leaves resembling those of the Maple; flowers 
white in flat clusters, followed by black fruit in autumn. 
Hardy. 

F. cassinoides, A small shrub. Flowers in white flat 
clusters in June, followed by black berries in autumn. 
Hardy. 

V. dentatum. A neat small shrub. Flowers white in 
clusters. Hardy. 

Sheepberry. {V. lentago,) A large native shrub. 
Foliage glossy green and very free from injuries by in- 
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sects and diseases. Flowers white in large flat clusters in 
June, followed by black oval berries. 

High Bush Cranberry. (V. opulus,) A large native 
shrub and one of our best for general planting. Foliage 
brilliant green and healthy. Flowers white in flat clusters, 
followed by a profusion of red or yellow edible berries 
which hang on the shrub until late in autumn. This is the 
single iorm of the common Snowball. The fruit was 
highly esteemed for sauce by our early settlers, and is still 
much used and is a good substitute for the common cran- 
berry. At the University Farm we are raising a large 
number of seedlings and selecting those that produce the 
best fruit. A form of this from the mountains near Pekin 
is of prettier habit. 

Common Snowball. {V. opulus, var. sterilis,) A 
beautiful old favorite, forming large shrubs that are cov- 
ered with an enormous number of snowball-like flower 
clusters in early June. One of the best large shrubs. 
Hardy. 

Xanthoxylum. Prickly Ash. 

Prickly Ash. (X. americana.) A rather tall upright 
native shrub of clean, neat habit; foliage compound, re- 
sembling that of the Mountain Ash; flowers inconspicu- 
ous; fruit aromatic and used for flavoring liquors. Stems 
prickly and on this account, the plant makes a good hedge. 
It will stand pruning well and is hardy. 

ROSES. 

The climate of Minnesota is not so well adapted to 
roses as that of some sections that have a more humid at- 
mosphere, but with reasonable winter protection, a goodly 
number of roses may be grown here very successfully as 
is demonstrated by the large displays of them made at 
the summer meeting of the State Horticultural Society. 
But good roses always mean much care in any climate. 
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The strong growing roses will generally do well on 
their own roots, but the weak growing kinds should al- 
ways be grown on some hardy stock. There are also a few 
roses that do not produce roots on their own wood, or do 
so with great difficulty, and these can only be obtained 
when budded or grafted. The stock ordinarily used for 
roses is known as matietti stock, which is a wild rose from 
southern Europe. This is very hardy here and gives ex- 
cellent satisfaction. Our native wild rose is also some- 
times used for a stock and has proven valuable for this 
purpose. It has, of course, the great merit of being per- 
fectly hardy, ripening its wood early and hence adding 
something to the hardiness of any plant worked on it. 

One of the chief objections to using budded or grafted 
roses is that in the hands of the beginner they are very 
apt to cut away the portion that they ought to save. For 
instance, they notice a strong sprout coming up near the 
roots, and thinking it the same as the rest of the plant, 
will cut away the top and allow this to form the plant. As 
a result they get a worthless rose. When, however, this 
matter is clearly understood it will be found that the 
budded or grafted roses are much superior to those on 
their own roots, and some of the weak varieties, which are 
not at all satisfactory on their own roots, will give good 
results when grown on some vigorous stock. A little care 
on the part of the beginner will soon make him sufficiently 
skilled so that he can tell the sprouts of the stock from the 
rose wood which he wishes to grow. 

With the exception of quite a limited list, roses re- 
quire winter protection in this section. The best method 
is probably about as follows : Late in the fall, before freez- 
ing weather sets in, see that the roots of the roses are well 
moistened so that they will not dry out in winter. Select 
a dry day for covering them; put down on the ground 
about six inches of dry straw or leaves; bend the bushes 
over and lay them gently on this bed, pegging them in 
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place if necessary to hold them down. Then cover with 
about two feet of dry straw or leaves and make the bed 
highest in the middle, and cover all with boards. 
Sometimes in place of boards tarred felt is used, 
but in either case the covering should be well 
secured so it will not blow off. Treated in this 
way roses are seldom injured even in severest winters. 
When laid on the ground and covered with soil they are 
frequently uninjured. 

Where there is danger of mice living in the straw or 
other covering, it is a good plan to put a little paris green 
and corn meal in an old tomato can — the end of which is 
jammed partly shut. A few of these put under the straw 
of the bed will take care of the mice proposition. 

The bushes should not be uncovered in the spring 
until freezing weather is over, but be sure and uncover 
them before they start into growth. 

One of the most common dangers to the rose in this 
section is the rose slug, which skeletonizes the leaves. 
This may be easily destroyed by spraying the plants with 
Paris green and water in the same way as for potato bug, 
or by the use of white hellebore. Where it is practicable 
to do so it is a good plan to forcibly spray the under side 
of the foliage, which will have a tendency to keep down the 
red spider. This should be done in the morning. Spray- 
ing with tobacco water is probably the best remedy for 
the leaf aphis. 

The following list of roses are successfully grown 

here: 

June Roses. 

June Roses include quite a variety of roses that flower 
only in June. This classification is convenient rather than 
botanical. 

Native Wild Roses are well worth growing for their 
effect when in flower and fruit although their flowers are 
of little value for cutting. In some sections, there is a 
white form which is valuable for variety. 
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The Cinnamon and Old Blush roses are good old 
standard sorts -that do not need much winter protection 
and which should still have a place in the rose border. 
Their great hardiness, vigor and fragrance make them 
very desirable and when given the best of care they 
produce very good flowers. 

Madam Plantier does well here but needs covering in 
winter. Its masses of white flowers are very effective. 

Harrison's Yellow produces a beautiful show of small 
beautiful golden yellow flowers and is hardy without win- 
ter protection in good locations. 

Persian Yellow has bright yellow flowers and is one 
of the finest of hardy roses. 

Rugosa Roses. 

Japanese Rose. (Rosa rugosa.) A magnificent shrub 
from Asia. It has beautiful dark green roughened foliage 
that generally remains in perfect condition throughout the 
summer and until severe frosts come. It is seldom injured 
by insects. The flowers are single, large and either pink 
or white in color and very fragrant. The buds are pointed. 
The white flower form is not as strong a grower as the 
pink but makes a bush three or four feet high in good 
locations and is an exceedingly desirable shrub. The 
flowers of the pink form. are followed by clusters of brilli- 
antly colored hips which make them admired throughout 
the autumn. The white forms do not develop as many 
bright hips but produce more flowers all summer and well 
into the autumn. These plants are perfectly hardy in this 
section even without winter protection. They are well 
adapted for use in shrubberies. 

Madam George Bruant, a Rosa rugosa hybrid. Its 
flowers are semi-double, pure white, fragrant and produced 
freely at intervals all summer. Very hardy and vigorous. 

Belle Poitevine, a Rosa rugosa hybrid. Flowers 
semi-double, deep rose color; bush vigorous and hardy. 

Blanc Double de Coubert, another Rosa rugosa hybrid. 
Flowers pure white, double, in clusters, delightfully frag- 
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rant and produced very freely. A distinct, beautiful and 
exceptionally hardy rose. 

Moss Roses. 

Salet Moss, Crested Moss and Glory of Mosses are all 
good kinds for this section. 

Climbing Roses. 

Prairie Queen, Crimson Rambler, Baltimore Bell, 
Gem of the Prairie and Seven Sisters are all successfully 
grown here but must be laid on the ground and be well 
protected in winter. The Pink and White Rambler are 
not satisfactory. 

Hybrid Perpetual Roses. 

The following list of roses are grown here satisfac- 
torily providing they are carefully protecter in winter. 
They are recommended to planters by J. M. Underwood, 
of Lake City, Minn, : 

General Jacqueminot, brilliant crimson. 

Paul Neyron, deep rose. 

Alfred Colombe, carmine crimson. 

Clio, rosy pink. 

Ulrich Bruner, brilliant cherry red. 

Baroness Rothschild, light pink shaded with rose. 

Anne de Diesbach, carmine. * 

John Hopper, bright rose with carmine center. 

Margaret Dickson, white. 

Marshal P. Wilder, cherry carmine. 

Mabel Morrison, white. 

Marchioness of Londonderry, ivory white. 

Baron de Bonstettin, velvety maroon shaded with 
deep crimson. 

American Beauty, deep pink shaded with carmine. 

Fisher Holmes, brilliant crimson. 

Mme. Gabriel Luizet, pink. 

General Washington, red shaded with crimson. 

Jean Liabaud, crimson maroon shaded with scarlet. 
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Mrs. John Laing, soft pink. 

Prince Camille de Rohan, deep velvety crimson. 
La France, silvery pink. 
Coquettes des Blanches, white. 

Coquettes des Alps, white, slightly shaded with car- 
mine. 

CLIMBING AND TRAILING VINES. 

Actinidia. 

A. arguta. A rank growing climbing plant from Japan. 
Foliage large, handsome. Has never flowered at the Uni- 
versity Farm but has held on well and made a vigorous 
growth each year. We cannot advise planting as there 
are more desirable vines. 

Akebia. 

A. quinata. A very pretty vine. Not hardy here. 

Ampelopsisi 

Virginia Creeper, American Ivy or Woodbine. (A. 
quinque folia.) The well known vine of our woodlands. One 
of our best vines. 

Engelman Virginia Creeper. (A. quinquefolia, var. 
engelmanni,) A form of the Virginia Creeper that adheres 
closely to stone and brick work and requires no tying up 
and is by far the best vine for covering walls in this section. 
Its foliage turns a beautiful crimson in autumn. It is not 
quite as hardy or the vine as rank growing as the common 
form but is extremely satisfactory. 

Japan Ivy or Boston Ivy. {A. veitchii.) A beautiful 
vine with over-lapping leaves. Clings closely to stone or 
brick work and is seen in great beauty covering the fronts 
of buildings in Boston, Philadelphia and other eastern 
cities. It has been considerably planted in this section 
but seldom if eyer with satisfactory results. Not hardy 
with ordinary winter protection. 
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Aristolochia. 

Dutchman's Pipe. (A. sipho.) A climber with mag- 
nificent light green, large foliage and curious pipe-shaped 
flowers. A good climber for occasional use. Hardy in 
favorable situations. 

Celastrus. 

Climbing Bitter Sweet or Wax Work. (C. scan- 
dens.) A strong growing native climber with clear large 
bright green foliage, yellowish flowers and clusters of 
orange colored fruits that are very beautiful in autumn 
when they open. A desirable plant where a quick growing 
vine is wanted. Almost too rank growing for small places. 
By severe pruning, it may be made to take on a shrubby 
form. 

Clematis. Virgin's Bower. 

Scarlet Clematis. (C. coccinea.) A pretty climber of 
moderately vigorous habit. Flowers scarlet and bell 
shaped. Hardy and excellent for a small place. 

C. flammula. We grew a large number of these from 
seed and lost them all in a few years. 

C henryi,^ A form with large creamy white flowers. 
One of the best of the large flowering type, but like others 
of this class, is liable to blight. 

C. jackmanniL Vine of moderate growth. Flowers 
single, large and intense violet purple in color. An abun- 
dant bloomer. The best of the large flowering sorts. 
Hardy but should have some protection about its roots. 
Frequently destroyed by blight. 

C. paniculata. A newly introduced clematis from 
Japan that has proven to be one of the most desirable 
vines for general cultivation. Foliage thick and leathery 
and holds on until late autumn ; seldom injured by insects, 
and yet it is small and delicate in appearance. Its flowers, 
which appear in early autumn, are small and clear white in 
color, having a delightful pond lily fragrance seldom 
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equaled. When trained to a post or stump, it is very 
effective in autumn and may thus often be added to our 
shrubberies to good advantage. Needs some protection 
in winter. 

American Virgin's Bower. (C. virginiana.) A native 
climber of strong vigorous growth. Flowers white in clus- 
ters in August, followed by pretty fuzzy fruit clusters. A 
good climber, but its foliage is not nearly as healthy as 
that of C. paniculata. Hardy. 

Lonicera. Honeysuckle. 

Native Honeysuckle. (L. sullivanti.) A good native 
vine with broad, light green foliage and yellow flowers 
followed by orange scarlet berries. Hardy. 

Hall's Japanese Honeysuckle. (L. halleana.) The 
best flowering honeysuckle of the whole list. Flowers 
white, changing to yellow; fragrant. Unfortunately too 
tender for this climate unless heavily protected in winter. 

Common Woodbine. (L. periclymenum,) A strong 
growing vine with showy red and yellow flowers. Re- 
quires protection in winter. 

Japan Golden Leaf Honeysuckle. (L. broclypoday 
var. aurea,) A very pretty vine with golden yellow, veined 
foliage. May be grown here if heavily protected in winter. 
Tender. 

Scarlet Trumpet Honeysuckle. (L. sempervirens.) 
A beautiful form. Flowers scarlet, inodorous; produced 
all summer; desirable. 

Lycium. 

Matrimony Vine. (L. chinensis.) Foliage grayish 
green. Flowers vary from pink to purple, followed by 
oblong, crimson, showy fruit. A well known old favorite 
that was common in old gardens. Rather straggly in 
habit but perfectly hardy and interesting. 
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Periploca. Silk Vine. 

P. graeca. A few plants of this have held on well at 
the Experiment Station for a number of years, but fre- 
quently kill to the ground. Not sufficiently hardy for 
general planting. 

Tecoma. Trumpet Creeper. 

American Climbing Trumpet Creeper. (7. radicans.) 
While it will often hold on well, yet it is so severely killed 
back in winter that it is not worth growing here. 

Vitis. Grape. 

Native Wild Grape. (F. riparia.) An extremely 
desirable ornamental vine with large foliage and sweet 
scented flower. In our woods, two forms are found, one 
that grows vigorously and produces no fruit but fragrant 
flowers, and the other a less vigorous vine that produces 
an abundance of fruit. The former is the best for orna- 
mental purposes. As a fruiting grape vine for an arbor, 
the Beta is probably the best to use. Its fruit is medium 
in size and is produced in enormous quantities. While it 
is of inferior quality, yet it ripens early, is well adapted 
for jellies and preserves and in many homes, it is highly 
esteemed as a desert fruit. Hardy. 

Wistaria. 

Chinese Wistaria. {W. sinensis.) One of the most 
beautiful climbers in cultivation. It may stand many of 
our winters, but occasionally will kill out completely even 
in favorable locations. Uncertain. 

HERBACEOUS PERENNIALS. 

Achillea. 

Yarrow. (A. millefolium,) The common Yarrow has 
white flowers, but this form has bright pink flowers, and 
is a good hardy plant of the easiest culture. 

The Pearl. (A. ptarmica.) It has double white 
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flowers in clusters. One of the most useful of white 
flowered bedding plants. The flowers nre especially desir- 
able for designs. A profuse' bloomer and hardy. Should 
be in every garden. 

Althea. 

Hollyhock. (Althea.) A bear.tiful old favorite 
which can be obtained in single and double flowers and 
in many colors. Should be planted in a well drained situa- 
tion and have some protection in winter. This should not 
consist of stable manure, which often lies too close and will 
rot the crowns. A covering of dry leaves and boards to 
keep off the water is best. 

Aquilegia. Columbine. 

Alpine Columbine. (A. alpina.) Flowers blue and 
showy. Hardy. 

Rocky Mountain Columbine. (A. coerulea,) Flowers 
large, sepals light blue; petals white; spurs long and re- 
curved. One of the choicest and most ornamental of this 
beautiful class of plants. Hardy. 

Wild ColuImbine. {A. canadensis.) A well known 
pretty native kind. 

A. chrysantha. Bright golden flowers. Good. 

Arundo. 

Great Reed. (A. donax.) A tall reed, often grown 
eight feet high ; needs protection in winter. The form with 
variegated foliage is much more tender than this and we 
have been able to winter it only by carrying it over in a 
cellar, but it is so beautiful as to be well worth this trouble. 

Asclepias. Milkweed, Silkweed. 

Butterfly Weed. ( A. tuber osa.) A native plant with 
bright orange flowers in July which are showy and beau- 
tiful. Hardy. 

Aster, Starwort, Frost Flower. 

Tall plants flowering in late summer or autumn when 
flowers are scarce. Effective and good. 
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Heath-like Aster. (A, ericoides.) Flowers white. 

A, himalayensis. Flowers white and small. 

New England Aster. {A, novae angliae,) Flowers 
bluish purple, and very effective in late autumn. One of 
the latest flowering plants. 

A. novae-belgii. Blue flowers, good, 

Artemisia, Wormwood. 

Common Wormwood. {A. vulgaris.) Hardy. 

Russian Wormwood. {A. tobolskiana.) A shrubby 
plant that does best here when treated as a herbaceous 
perennial. It makes a bush about 6 feet high in one 
season ; valuable for a low windbreak. If trimmed close it 
makes a pretty hedge. Of the easiest culture and hardy 
anywhere. Easily grown from dormant cuttings made in 
the autumn. 

Bocconia. Plume Poppy. 

B. cordata. An attractive plant attaining a height of 
six to eight feet; foliage large and conspicuous; flowers 
white in long spikes in August. A beautiful lawn plant 
and well adapted for striking effects anywhere. Needs 
some protection in winter for best results. 

Boltonia. False Chamomile* 

B. asteroides. White aster-like flowers in the greatest 
profusion on stems five feet high in autumn. Very effect- 
ive and hardy. 

B. latisquamae. Pink aster-like flowers in the latter 
part of summer and in autumn. On stems four feet high 
in great profusion; good. 

Convallaria. Lily of the Valley. 

Common Lily of the Valley. {C.majalis.) A well 
known beautiful little plant with luxuriant foliage and 
small white bell-shaped flowers that are highly esteemed. 
Does best in a somewhat shaded place and when its roots 
are not allowed to become matted. Hardy. 
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Campanula. Harebell. 

Campanulai There are a large number of species of 
this plant offered by nurseries, most of which have proved 
satisfactory here, but require some protection in winter. 
The form known as C. carpathica is one of the best. 

Cassia. Senna. 

American Senna. (C. marylandica.) A good herb- 
aceous plant three to four feet high. Has bright pea 
shaped flowers in axillary clusters; suitable for the large 
border. Hardy. 

Clematis. Virgin's Bower. 

C. davidiana. A dwarf, herbaceous upright form of 
the Clematis. Flowers blue in the axils of the leaves in 
August. Interesting rather than especially beautiful. 

Coreopsis. Tickseed. 

C lanceolata. Perhaps the best of the perennial forms 
of this plant for our range. Flowers in early summer, 
bright golden yellow in color and conspicuous. Sometimes 
it winter kills but even then generally produces an abund- 
ance of self sown seedlings. A really good thing. 

Delphinum. Larkspur. 

This is a wonderfully showy class of old time peren- 
nial plants, which is well known and admired by everyone. 
The plants vary in form and height. They may be ob- 
tained in blue or white flowers. By preventing the flowers 
from going to seed, the season of flowering may be greatly 
prolonged. 

Dicentra. Bleeding Heart. 

Bleeding Heart. (D. spectabilis.) A well known and 
desirable border plant ; flowers pink and curiously formed. 
It is quite hardy but is sometimes injured in severe winters 
unless protected. 
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Dictamnus. Gas Plant. 

White Flowering Gas Plant. {D. fraxinella alba.) 
A choice perennial growing about two feet high. Much | 

better than the following variety. Both varieties here 
mentioned should have some extra protection in winter. 

D. fraxinella rubra. Much like the above but with red 
flowers and not as pretty; possibly the hardiest of the 
kinds here mentioned. 

Digitalis. Foxglove. 

D. purpurea. There are a large number of varieties of 
this beautiful plant and they include purple, yellow or 
white flowers in a long terminal racemes two to three feet 
high. It needs protection in winter. . 

Eulalia. 

£. japonica and its varieties known as JE. gracillifna, 
E, variegata, and E. zebrina are all graceful tall grasses with 
conspicuous pampas-like plumes. However, they are all 
too tender to be safely wintered here in the open ground 
and should be lifted in autumn and wintered in a cold 
cellar. 

Funkia. Plantain Lily. 

F. grandiflora. There are forms of this with blue and 
white flowers and both are very desirable plants for the 
border. They grow about 18 inches high. There are sev- 
eral forms of Funkia offered that have variegated foliage 
which are often unsatisfactory in our sunny climate unless 
in partial shade as they frequently sunburn. 

Gypsophila. Chalk Plant. 

Infant's Breath. (G. paniculata.) A fine herbaceous 
plant forming compact bushes three feet high of flowers 
and foliage so delicate and airy as to resemble smoke. 
Flowers white, small. Valuable for use with other flowers 
in bouquets. Perfectly hardy. Has a tremendous tap root 
and old plants do not transplant easily. 
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Gaillardia. Blanket Flower. 

G. grandiflora, A genus of very ornamental and hardy 
plants. Flowers yellow, maroon or purple about two 
inches across and on single stems which makes thent val- 
uable for cutting. Satisfactory. 

Helenium. Sneeze Weed. 

H. autumnale superbum. Flowers clear yellow in large 
branching panicles. A choice, satisfactory plant of easy 
culture. 

Helianthus. Sunflower. 

H. maxillianensis is a native sunflower of particular merit 
and well worthy of cultivation. Perfectly hardy. Flowers 
bright yellow and large for a wild sunflower. Bushes 
about five feet high ; flowers in August. 

Double Sunflower. {H. multiflorus.) A perennial 

sunflower with beautiful foliage and flowers of a bright 

golden yellow — as perfect as a full Dahlia and produced 

in enormous numbers in late summer and early autumn. 

Very showy. Unfortunately, it is not hardy enough for 

this climate and must be lifted in autumn and wintered in 

a cold cellar. 

Heuchera. 

Alum Root. (H. sanguinea.) Foliage beautifully cut 

and tufted; flowers of bright crimson, borne on clean 

stems and freely produced. One of the best plants of 

recent introduction. Becoming spontaneous. Height 

eighteen inches. 

Hibiscus. Mallow. 

Rose Mallow. (H. moschuetos.) There are forms of 
this that have light purplish red flowers while others are 
white or white with a dark center. They are nice clean 
plants, hardy and satisfactory. Height four feet. 

Iris, Fleur de Lis. 

German Iris. (/. germanica,) They are very beautiful 
herbaceous plants and those who do not know the im- 
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proved modern forms will be greatly pleased with them. 
They all have the peculiarly graceful form of the typical 
German Iris, but vary in color from white to salmon, yel- 
low, blue and purple, with variegated markings. Perfectly 
hardy, and every border should include a few of the best. 
A collection of the best kinds in the vegetable garden or 
elsewhere will be wonderfully attractive in late spring and 
early June. Hardy. 

Japanese Iris. (/. kempferi,) Flowers flat and quite 
distinct from the German Iris. Their colors are very clear 
and may be obtained in a great variety of shades. These 
rank among the most desirable of hardy plants but for best 
results, require moist soil. They do best when grown 
along the borders of lakes or swamps or in similar places. 
They bloom about the latter part of June. Hardy. 

Lathyrus. 

Perennial Pea. (L. latifolius,) A trailing perennial 
pea with pure white scentless flowers. Beautiful, hardy. 

Lobelia. Cardinal Flower. 

L. cardinalis. A beautiful native herbaceous plant with 
spikes of fiery, cardinal flowers in the latter part of summer 
or early autumn. Hardy. 

Lilium. Lily. 

Tiger Lily. (L. tigrium.) Perfectly hardy and satis- 
factory and well worth planting. 

L. elegans, A fine addition to our list of cultivated 
plants. Somewhat resembles the tiger lily in flower but 
the plants are more compact in habit and more attractive 
in flower. 

L. rubrum and L. auratum are two magnificent plants 
but unless well protected in winter are liable to die out. 
All of these lilies do best in a rich retentive soil. 

Lysimachia. Loosestrife. 

Money Wort. (L. nummularia.) A pretty creeping 
plant with yellow flowers. Does best when somewhat pro- 
tected. 
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Paeonia. Peony. 

Peonies are one of the most valued of all classes of 
garden flowering plants and in many ways the rival of the 
rose for popular favor. The modern peony is a great ad- 
vance over the old forms and includes a great variety of 
colors, styles of flowers, and even variety in perfume. 
Some flowers are great masses of petals whose gorgeous 
beauty and brilliant coloring attract admiration while 
others have single flowers that are delicate and pretty and 
have perhaps the delicate fragrance of a pond lily. Be- 
tween these extremes are hundreds of varieties, all of 
which are hardy in this climate. There is, however, a great 
difference in the vigor and amount of flowers produced 
by the different sorts. The vigorous kinds are the most 
admired and best for the amateur to start with. For best 
results, peonies should be grown in full sunlight on well 
drained, rich land. They do not flower well in partial 
shade. At University Farm we have grown a large^ num- 
ber of varieties as well as seedlings and have had most ex- 
cellent success with them. 

Tree peonies are elegant, slow-growing shrubby 
plants and hardy, although they should have a little pro- 
tection in winter. They are difficult to propagate and 
hence high in price. They are not much sought after be- 
cause they do not produce as many flowers as the herb- 
aceous peonies and there are not as many forms. 

Papaver. Poppy. 

Oriental Poppy. (F. orientalis.) Flowers very large 
and greatly admired; often five inches across; a most 
brilliant deep scarlet in color, with black centers and borne 
on long stems. The foliage is deeply cut and fern-like. 
Hardy and satisfactory and should be found in every col- 
lection. 

Phalaris, Ribbon Grass. 

Variegated Ribbon Grass. (P. arundinacea.) Per- 
haps the most beautiful of the hardy grasses. Leaves 
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striped with green and cream color. Valuable for defining- 
the lines of a city lot, and for use in herbaceous borders. 
Does best in full sunlight. Perfectly hardy. 

Phlox. 

Perennial phlox is a general garden favorite. It may 
be had in a great variety of forms and coloring, season of 
blooming and habits of plants. It is seldom injured even 
in our most severe winters if given slight protection. It 
is one of the few rivals of the peony in popular favor. 

Moss OR Ground Pink. (P. subulata.) Covers the 
ground with its dense procumbent stems which, in the 
season of flowering, is one mass of color. It may be had 
in pink and white colors. Should have slight protection 
in winter. 

Platycodon, Campanula. 

Chinese Bell Flower. (P. grandiflora.) A per- 
fectly hardy plant, bearing star-like flowers three inches 
across, of bright blue or white color. Someone calls it a 
giant harebell. It is of somewhat sprawling habit, but it 
is hardy and improves with age. 

Polygonum. Knot Weed. 

Mountain Fleece. (P. cuspidatum.) A coarse grow- 
ing herbaceous plant that is quite effective as a cover for 
some locations. Height four to five feet with small white 

flowers in September. Hardy. 

P. saghaliense. A greatly enlarged form of the above 

in general appearance, sometimes attaining the height of 

eight or ten feet and has a decidedly exotic appearance. 

May sometimes be used in large shrubberies to advantage. 

Pyrethrum. Summer Daisy. 

P. roseum. A pretty little plant with daisy-like flowers 
in a variety of colors. Perfectly hardy and satisfactory. 
Blooms in June. Very useful in the hardy herbaceous 
border. Height two feet. It is from the flowers of this 
plant that insect powder is made. 
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P. uliginosum. A great oxeye daisy. It grows about 
four feet high, forming great dumps of stems by early Sep- 
tember when it breaks into a mass of daisy-like pure white 
blooms. The individual flowers are two to three inches 
across with yellow centers. One of the best autumn 
blooming plants. 

Rudbeckia. Cone Flower. 

We have several native species of this, which are cul- 
tivated in eastern gardens and would often be useful here. 
The Golden Glow (R. laciniata) was introduced a few years 
ago and has become one of the most common garden 
favorites. It should be in every garden where strong 
growing yellow flowering plants are needed. It produces 
a gorgeous mass of double yellow flowers from July to 
September that are useful for cutting. Perfectly hardy, 
six to eight feet high. 

\ 
Herbaceous Spireas. 

Under this head come four or five Spireas that are 
commonly used in eastern gardens. Some of them may 
be successfully grown here, but we have failed to find any 
that we think especially desirable as they are liable to sun- 
burn in our hot summers. Among the best are Double 
Meadow Sweet (5. ulmaria), Goat's Beard (S. aruncus)^ 
and Dropwort (S. filipendula). In suitable locations here, 
these may often be satisfactory. 

Tanacetiun. 

Tansy. {T. balsamita.) Foliage aromatic, flowers 
yellow. Useful for covering unsightly objects. Used in 
medicine. Perfectly hardy ; three feet high. 

Tradescantia. Spiderwort. 

T. virginica, A showy native plant having blue 
flowers in spring. Commonly found in eastern gardens. 
Hardy and good. 
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Tritoma. Torch Lily, Red Hot Poker. 

A splendid late flowering plant with long racemes of 
rich orange red and scarlet flowers. Not hardy, but well 
worth the care of wintering it in a cold cellar. 

Yucca. Spanish Bayonet. 

Adam's Needle. (F. filamentosa.) An exotic-like 
plant producing large clusters of greenish white flowers 
on stems about three feet high. Can often be used with 
good eflfect. Occasionally kills out in severe winters, but is 
safe if protected with a covering of mulch. 

Y. glauca. This species is native to our western sand- 
hills and dry mountain sides. Not as ornamental as the 
first named, but more hardy and well worth grow^ing. 
Height three feet. 
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Some General Rules for Planting. 

In a short talk to one of my classes along this line, 
I generally cover some of the principles of landscape gar- 
dening in about the following way. 

The most important thing in laying out grounds is 
to have a plan that shall be sufficiently comprehensive to 
include the whole scheme of the location of buildings and 
drives and the plantings of trees and shrubs. Considerable 
care should be taken with this plan. It should be under- 
stood too, that an inferior plan is far better than no plan 
at all, and that it is very easy and inexpensive to make 
changes on paper but often very expensive to make them 
with the actual material. 
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Figure 1. — Sugrgestions for laying" out the grounds around the farmstead. 

The grounds about our homes are more or less an 
index to our character and to our knowledge of the best 
use of the materials that we can command. We may look 
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Upon these grounds as a sort of a setting for the home 
picture. It is desirable to get the whole family interested 
in such work for there is nothing that holds the children to 
the home and excites their interest in country life as the 
trees and plants that they have helped to set out and care 
for. 

The first thing to be considered in selecting a loca- 
tion for a home is healthfulness and the next is conveni- 
ence, after which we may well take up the subject of ap- 
pearance. In planning our grounds, we should consider 
their relation not only to our holdings, but to everything 
that can be seen from our location. Especial effort should 
be made to get good views from the windows of the rooms 
used the most. We should aim to cut off the view of such 
things as are unpleasant and to bring in vistas containing 
such things as go to improve life and around which clusters 
pleasant associations. I generally illustrate this thought 
by making a drawing similar to that shown in figure one. 
on page 297, which represents a southeast quarter section. 
On this the home is located back several hundred feet from 
the roadway and the buildings are to the northeast of it. 
The whole is surrounded with a windbreak on the north 
and west sides, and with a slight shelter on the south and 
east. In such a location, the views of the church, the 
neighbor's house, the school house, the watering trough, 
the hills, and the town are kept in full view from the win- 
dows of the dwelling and as well as may be from the porch. 
Also the view of the entrance of the drive into the grounds 
should be kept in full view. All of these points may be 
kept in sight and still we may have a very good windbreak 
maintained. 

It is a mistake to lay out the plantings around a 
country dwelling in such shape that they cut off a view 
of such features as go to make rural life attractive and 
pleasant, and it is also a mistake to make them too small. 

The value of improvements of this character are sel- 
dom appreciated, but if the matter is carefully considered, 
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it will be found that there is nothing that we can do to 
our farm lands that will give us larger returns for the in- 
vestment than the time and money we put into properly 
arranged windbreaks about our buildings. Looked at from 
the utilitarian standpoint, we get wonderfully good re- 
turns from suitable windbreaks about our buildings, pad- 
docks, barn yards and gardens and they should be large 
enough to include all these. In figuring this up, let us 
suppose that there are on the farmstead fifteen cows. I 
think that it is hardly too much to say that the advantage 
it is to them in having a well protected yard in which they 
can take an airing in winter without too much exposure 
is worth at least $1.50 an animal per winter. Then, too, 
there is a saving in fuel used in the house and greater 
comfort generally without as well as within the buildings, 
not only for the farm animals but for the owner and his 
family in carrying on the ordinary duties of life. Beyond 
this comes the value of the aesthetic, which is something 
that cannot be computed and may be priceless. Another 
important feature of value is the greater pride which the 
owner takes in a place that is properly developed. This 
is one of the pleasantest features of rural life. 

In considering the laying out of the grounds about a 
city lot, I use a plan in which the front door of the house 
is put upon the north or west side, which is the proper 
place for it unless it is to go in the middle of the house, 
since the south and east sides are most desirable for living 
rooms. The path to the front door should generally be 
straight. If at all curved, it should curve in the direction 
from which the most travel comes. Do not put in a curve 
without making some plantings on the bend around which 
the path is supposed to turn. Do not set the shrubs out 
all over the lawn, but rather keep them in groups arranged 
along the sides of the lawn or near the dwelling, or in 
places where screens are needed. The back of the yard 
should generally be kept open for a garden, clothes yard, 
etc. Put as little land as may be into walks and drives as 
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these have a tendency to break up the lawn and make it 
appear small. They are also expensive to put in and to 
maintain. Keep the center of the lawn open and unbroken 
by plantings. 

A few years ago, it was the fashion to make the driv- 
ing portion of streets in resident districts much wider than 
is necessary. As a rule, a driveway two rods wide is abun- 
dant for any street in a resident district that is not used 
as one of the main arteries of traffic. It is better to have a 
large portion of the street in grass in the form of well 
kept boulevards than to have it in gravelly roadways which 
arie not used and are expensive to maintain. Oftimes, the 
gutters of roads are best maintained in grass. 

The architecture of a house should be in keeping with 
its surroundings. A large and pretentious house in a quiet 
and secluded place is not in good taste. The estimates of 
the cost of a building will generally be exceeded from 25 
to 50 per cent. This is especially true with those who are 
inexperienced in such work and as a consequence when 
they come to grading and planting the grounds about the 
house, they are apt to be parsimonious and not spend the 
money they should for this purpose. No future expendi- 
ture can atone for shortsighted saving in lawn making 
at this time. If the material available on the ground for 
a good lawn is not satisfactory, it would be better to in- 
cur considerable expense at this time to make it right 
rather than have the lawn made of poor materials on which 
grass will fail to grow successfully. 

The slopes to the house should be easy and gradual. 
Terraces should be avoided as much as possible as they are 
hard to maintain and generally add littfe or nothing to the 
beauty of a place and occasionally are very unsightly. 
Oftimes a very nice dwelling does not show off to advant- 
age because the grading is poorly done. For instance, 
where the top of the terrace is about the height of the eye 
and the lawn to the house nearly level, the apparent dis- 
tance from the house to the street is greatly reduced. 
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Steps should be avoided as much as possible as they are 
expensive and require much care in winter to keep them 
clean and they are also dangerous. 

The Lawn 

Grass Seed and Seed Sowing. Our best lawns are 
made up of nearly pure Kentucky Blue Grass. As this 
grass does not start quickly, it is customary to sow a 
little Red Top and White Clover with it as these show 
quickly the first season but later on are killed out by the 
Blue Grass. Perhaps for this section, a mixture of three 
bushels of Blue Grass, two pounds of solid Red Top and 
two pounds of White Clover per acre is as good as any 
for seeding lawns. Where steep banks are to be seeded 
it would be well to add to the above recommended mixture 
about one pound of Timothy to each bushel of Blue Grass. 
It is also important to keep the wash water off the banks 
by the use of boards or otherwise. 

The time for sowing grass seed will depend upon cir- 
cumstances. As a rule, early spring is the best time, but if 
water is plentiful so that the seed can be kept from drying 
out, it may be successfully sowed at any time. July and 
August are generally so hot and dry that seed is very un- 
certain when sown at that time. In sowing, much care 
should be taken to scatter the seed evenly and it should 
be raked in and rolled. Rolling is important as it leaves a 
smooth surface. 

Where it is desirable to get a grass cover at once, 
oats may be sown with the gfrass and be cut off when six 
inches high, and if frequently cut with a lawn mower 
makes a very good, coarse lawn that does not interfere 
with the development of the seed of finer grasses. It 
should never be sown on the lawn as a nurse crop and 
allowed to go to seed. 

Sodding is sometimes resorted to in order to get a 
lawn quickly. It has the advantage that it can be done 
at any time in the growing season and gives a lawn at once 
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but it is very expensive and generally is no better than 
seeding. It is a good plan, however, to border the walks 
with sod to define their lines. 

Mowing Lawns. The lawn mower should seldom be 
allowed on a new lawn until the second cutting; the first 
cutting should be done by hand. After the lawn is estab- 
lished, it should be cut frequently, especially during the 
cool weather of spring and early autumn, if a fine close 
turf is the object. Sorrie of the clippings niay be allowed 
to remain on the lawn when they are not heavy enough to 
smother out the grass, but as a rule the lawn will look best 
when they are removed as soon as cut. 

The Renewal of Old Lawns is most easily accom- 
plished by the use of very fine, well rotted compost which 
should be scattered thinly over the grass about one-half 
inch deep so the grass will push up through it. Where 
this material is not available, rich loam applied to the sur- 
face about one inch thick so as to fill in about the exposed 
grass roots is an excellent substitute. If stable manure 
is to be applied, and sometimes it is better than any com- 
mercial fertilizer that can be used, it should be fine and 
well rotted and not be allowed to lie in lumps on the 
ground where it will kill out the grass. It is best applied 
the latter part of winter or early in spring. As soon as 
the lawn starts, it should be raked over and loosened so 
that the grass can easily push through it. The grass will 
be greatly improved if allowed to grow up through a coat- 
ing of fine manure. 

Ground tankage is a good lawn fertilizer and should 
be used at the rate of about one thousand pounds per acre. 
For this purpose, it should contain a high percent of nitro- 
gen. The most quickly acting fertilizing substance is 
nitrate of soda, which may be applied at the rate of one 
hundred and fifty pounds per acre once in two or .three 
we^ks during the season, but not oftener, nor in heavier 
applications. It gives the grass a dark green appearance 
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as well as makes it grow rapidly. However, its effects 
are not as lasting as tankage. 

Re-seeding may be resorted to where bare spots come 
on the lawn. It is often a good plan to first remove the 
poor soil and replace it with compost. This should be 
done in early spring. The annual grasses are often un- 
sightly and annoying, but close cutting with the lawn 
mower and hand weeding is the best remedy. It is im- 
portant to sow lawn grass seed that is free from noxious 
weed seeds. 

Planting for Special Effects. 

Plantings of perennial plants may be made so as to 
give special effects. For instance, we may plant with the 
object of getting a strong effect in the spring, in summer, 
in autumn or in winter, or in a large bed it is quite possible 
to so combine plantings as to secure something of interest 
in it at all times of the year. It is very easy to secure 
strong spring effects, since most of our plants flower in 
the spring and early summer. It is much more difficult, 
however, to secure good effects from summer planting 
while for autumn effects, we have comparatively little to 
work with. Good winter effects are obtained by using 
plants that have evergreen foliage and striking colors in 
bark and fruit. A bed with something of interest in it for 
the whole year may be made as follows : 

In front we put such herbaceous plants as irises of 
various kinds which flower in early spring and are followed 
by Baby's Breath ; back of these may come peonies of such 
kinds as give a succession of bloom for perhaps three 
weeks. Then may come spring and early summer flower- 
ing shrubs such as Spirea Van Houttei and other spireas 
flowering at the same time ; Golden Elder will liven up the 
somber green of its surroundings all summer by its bril- 
liant and almost golden colored foliage and its white flow- 
ers which appear in July; Spirea sorbifolia produces its 
white flowers about the middle of July when little else is 
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in bloom; then may come the hardy Hydrangea whose 
great white panicles will be conspicuous through August 
and early September; Pyrethrum uliginosum will have 
white daisy-like flowers in September; New England Aster 
has purple flowers in October and Boltonia asteroides has 
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white flowers during the same season as the New England 
Aster and is fine in contrast with it. 

Interspersed with these plants or back of them may be 
planted such plants as will give a good winter effect. 
Among such might be included the White Birch and Red 
Twigged Dogwood which would show considerable con- 
trast with some of the smaller growing evergreens like 
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the Arborvitae and Colorado Blue Spruce, or if the bed is 
larger, some of the larger growing evergreens such as 



□olden ai 
Pyrethrur 
Boltonia 

Tiger Lilj 
Peonies. 
Phlox— ■^ 



of herbaceous perennials. 
Plants. 

Sweet William. 

Shasta Daisy. 

Platycoaon. 

Columbine. 

Qypsophlla. 

"" ' ital Poppy. 



Iris. 

Bleedlns Heart. 
Lily of the Valley. 
Varleeated Ribbon Grass. 
Yucca fllamentosa. 
Ctematts panlculata. 

White pine and Norway Spruce may be used to a small 
extent. 

Other plants will naturally suggest themselves to one 
who is familiar with the lawn shrubs adapted to this sec- 
tion and it is one of the pleasant things about such a bed 
that the owner can impart much of his own originality to 
the methods of arrangement. Of course the aim should be 
to have all the plants show off to good advantage and yet 
have them all near enough together so that they will not 
have the appearance of being separate, but the whole 
thing will appear as a mass of light and shade. 

The diagram herewith will give further information 
as to how such a plantation should be arranged. 

Winter Protection of Perennial Plants. 

It has been pretty conclusively shown that most of 
the herbaceous plants that are hardy in New England and 
New York can be grown here providing they have* suitable 
winter protection. This protection should generally con- 
sist of a mulch of leaves, straw or similar litter, perhaps six 
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inches deep which will hold the snow and prevent severe 
freezing. Where these plants are covered in winter with a 
heavy coating of snow, there is nothing else needed, but as 
this is a section of rather deficient snow fall and in many 
places the snow blows off, leaving the roots exposed, some 
attention to winter protection will be found very helpful 
in the caring for some of our most desirable plants. 

Beds of tulips, hyacinths and similar plants should be 
protected in winter with about six inches of mulch as re- 
commended above for herbaceous plants. This should be 
covered with a few branches or something of the sort that 
will keep the mulching from being blown away. 

In the case of tender shrubs, such for instance as 
Spirea thunbergii the best way of giving winter protection 
is to lay the plant on the surface of the ground and 
cover with a few inches of mulch. Some shrubs that are 
stiffer in habit than this spirea and cannot be laid easily on 
the ground, are best drawn together and tied in place with 
soft string and then wrapped with a covering of hay or 
straw. 

The protection of roses is referred to especially under 
that head. Some of our most ornamental evergreens, 
such as Abies concolor and some of the tender Arborvitaes 
should be protected a little in winter. They will often go 
through ordinary winters without injury but in occasional 
winters, they would be hurt if not protected. For plants 
like these which are nearly perfectly hardy, a good way to 
protect them is to shade them with evergreen branches or 
similar material. They may also be wrapped with hay. 

Newly transplanted street trees and especially those 
that have smooth bark are liable to sunscald. Among those 
especially subject to this trouble are the Basswood, Moun- 
tain Ash and Soft and Hard Maples. These are often in- 
jured the first winter after transplanting and special atten- 
tion should be taken to protect their trunks by a covering 
of burlap or any other material that will serve to keep off 
the direct rays of the sun. When growing thriftily, these 
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plants are seldom injured by sun scald but some of our 
best Horticulturists prefer to protect them every winter, 
as little labor is required to do this and it insures their com- 
ing out in the spring in good condition. 

Shrubbery borders should always be mulched in win- 
ter unless they are covered with a heavy coating of snow 
early in winter. Many plants that are not killed by a 
severe winter may be so severely injured and weakened by 
it that they do not do their best afterwards. 

Time of Planting. 
For the beginner the best time for transplanting work 

in this section is early in the spring although there 
are quite a large number of plants that do best if 
moved in autumn, but on account of the poor planting that 
is liable to be done by those who have not had experience, 
spring is generally considered the safest time for this 
work. In the case of street trees, it is well enough for 
those who have had experience to set out the hardiest 
kinds such as White Elm and Green Ash in autumn, es- 
pecially in autumns when the ground is in a moist condi- 
tion. Our hardiest shrubs may also be transplanted in 
autumn to good advantage but those that are somewhat 
tender should be left until spring. With herbaceous 
plants, the experienced horticulturist will get his best re- 
sults from autnmn planting providing the soil is in good 
condition. This is especially true of Peonies and Irises. 

Some of our best nurserymen recommend buying in 
autumn and "heeling in" over winter and planting in 
spring. This is a good plan if the "heeling in" work for 
winter is well done. If poorly done, there may be great 
loss under such conditions. I am inclined to think that it 
is about as well to set out the stock where it is to s^rcvv, 

especially if the plants are small and bend to the ground 
and cover them, tops and all, with earth and afterward with 
a little mulch. This practically amounts to "heeling in" 
each plant separately where it is to grow in the spring of 
the year. Such a covering should be removed as soon as 
the plants show signs of starting in the spring. 



SELECT SHORT LIST OF TREES, SHRUBS AND 

HERBACEOUS PLANTS. 



The shrubs and plants in this list are selected as being 
those most desirable for general street, lawn and park 
purposes in Minnesota. 

Large Deciduous Trees. 



Common Name. 
American Elm. 
Hackberry. 
American Basswood. 
Soft Maple. 
Box Elder. 
Green Ash. 
White Ash. 
White Willow. 
Russian Golden Willow. ' 
Golden Willow. 
Wisconsin Weeping Willow. 
Britzensis Willow. 



Botanical Name. 
Ulmiis americana. 
Celtis occidentalis. 
Tilia americana. 
Acer saccharinum. 
Acer negundo. 
Fraxinus lanceolata. 
Fraxinus americana. 
Salix alba. 

Salix alba vittelina var. 
Salix alba vittelina. 
Salix, var. 
Salix britzensis. 



Small Deciduous Trees. 



Paper Birch. 
Cut-leaf Weeping Birch. 
White Poplar. 
European Mountain Ash. 
American Mountain Ash. 
Kentucky Cofifee Tree. 
Oil Berry, Russian Olive. 



Betula papyrifera. 
Betula alba, var. 
Populus bolleana. 
Pyrus aucuparia. 
Pyrus americana. 
Gymnocladus dioicus. 
Eleagnus angustifolia. 



White Pine. 
Red Pine. 



Evergreens. 

Pinus strobus. 
Pinus resinosa. 



•i 



ORNAMENTAL TREES AND SHRUBS. 



300 



Norway Pine. 
Cembra Pine. 
Scotch Pine. 
Dwarf Pine. 
White Spruce. 
Norway Spruce. 
Engelmann Spruce. 
Colorado Blue Spruce. 
Douglas Spruce. 
Red Cedar. 



Pinus divaricata, 
Pinus cembra. 
Pinus sylvestris. 
Pinus mughus. 
Picea alba. 
Picea excelsa. 
Picea engelmanni. 
Picea parryana. 
Pseudotsuga taxi folia. 
Juniperus virginiana. 



Ornamental Shrubs. 



Red Twig Dogwood. 
Hardy Hydrangea. 

Tartarian Honeysuckle. 
Syringa. 

Buckthorn, common. 
Japanese Rose. 
Missouri Currant. 
Buffalo Berry. 
High Bush Cranberry. 
Snowball. 
Common Lilac. 
Rouen Lilac. 
Van Houtte Spirea. 
Ash Leaf Spirea. 
Golden Spirea. 



Cornus stolonifera. 
Hydrangea paniculata 

sanguinea. 
Lonicera tartarica. 
Philadelphus in variety. 
Rhamnus catharticus. 
Rosa rugosa. 
Ribes aureum. 
Shepherdia argentea. 
Viburnum opulus. 
Viburnum opulus in variety. 
Syringa vulgaris in variety. 
Syringa rothmagensis. 
Spirea van houttei. 
Spirea sorbifolia. 
Spirea opulifolia. 



Herbac:eous Plants. 



Columbine. 
Lily of the Valley. 
Larkspur. 
Bleeding Heart. 
Baby's Breath. 
German Iris. 



Aquilegia vulgaris. 
Convallaria magalis. 
Delphinum hybridium. 
Dicentra spectabilis. 
Gypsophilia paniculata. 
Iris germanica. 
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Colored Daisies. Pyrethrum rosea. 

Autumn Daisies. 
Herbaceous Peonies. 
Double Yarrow. 



Pyrethrum uliginosutn. 

Paeonia in variety. 

Achillea ptarmica flora plena. 



Vines. 



Chinese Bell Flower. 

Virginia Creeper. 

Bitter Sweet. 

Virgin's Bower. 

Clematis. 

Wild Grape (Staminate 



Platycodon grandiflora. 
Ampelopsis virginiana. 
Celastrtis scandens. 
Clematis virginiana. 
Clematis paniculata. 
Vitis riparia. 



form). 

TENDER PERENNIALS. 
List of Trees and Shrubs commonly grown in Eastern 
States which are too tender for successful 

planting here. 



Purple leaf Hazel. 
Button Bush. 
Spice Bush. 
Pearl Bush. 
Japanese Quince. 
Laurel. 

Bladder Senna. 
Flowering Dogwood. 
Eleagnus longpipes. 
Daphne odora. 
Deutzia crenata. 
Deutzia gracilis. 
Deutzia scabra. 
Halesia tetraptera. 
Hibiscus syriacus. 
'Hypericum aureum. 
Hypericum kalmianum. 
Sweet Fern. 



Crimson Flowering Currant. 
Strawberry Shrub. (Calyan- 

thus floridus.) 
Spirea, White Beam Leaf. 
Spirea, Double Flowering 

Plum Leaf. 
Spirea, Thunbergii. 
African Tamarix. 
Rhododendrons in variety. 
Cut Leaf Elder. 
Common Beach. 
European Beech. 
Buttonball or Plane Tree. 
Tree of Heaven. 
Cucumber Tree. 
Tulip Tree. 
Maiden Hair or Ginkgo Tree. 
European Oak. 
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Dwarf White Horse Chest- Japanese Maple, 
nut. Sycamore Maple. 

Alpine Buckthorn. Japanese Cedar. 

Gordan's Currant. 

Climbing and Trailing Vines. 

Akebia quinata. Silk Vine. 

Japan Ivy or Boston Ivy. American Climbing Trum- 
Clematis flammula. pet Creeper. 

Hairs Japanese Honey- Chinese Wistaria. 
suckle. 

LIST OF UNUSUAL DECIDUOUS TREES. 

Hardy in Minnesota. 

Trees with Weeping or Drooping Foliage. 

Soft or Silver Maple. Weeping Mountain Ash. 

Cut Leaf Maple. Tea's Russian Mulberry. 

Cut Leaf Weeping Birch. Wisconsin Weeping Willow. 
Young's Weeping Birch. 

Trees with Colored Foliage. 

Acer ginnala. Yellow Birch. 

Sugar Maple. Russian Olive. . 

Reitenbach Red Maple. Golden Leaf Poplar. 

Schwedler Maple. Royal Willow. 
Purple Leaf Birch. 

Trees with Bright Colored Bark in Winter. 

White Birch, white bark. 

Cut Leaf Weeping Birch, white bark. 

Paper Birch, white bark. 

Russian Golden Willow, yellow bark. 

Britzensis Willow, salmon bark. 

Golden Willow, yellow bark. 

Napoleon Willow blue bark. 

Basswood, blue gray bark. 
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Flowering Trees. 



May. 
Juneberry. 
Golden Willow, staminate 

form. 
Compass Cherry. 
Buckeye. 

Crab trees, flowering. 
May Day Tree. 



June. 
Mountain Ash. 
Native Thorns in variety. 
Locust. 
Catalpa. 

Basswood in variety. 
Bird Cherry. 
Russian Olive. 



Trees which Produce Ornamental Fruit. 

Hackberry, red fruit in September and October. 
Native Hawthorn, scarlet and yellow fruit in Septem- 
ber and October. 

Mountain Ash, scarlet fruit in September and October. 
Acer ginnala, red fruit. 
Acer tartaricum. 

LIST OF SHRUBS WITH PECULIAR FOLIAGE. 

Hardy in Minnesota. 

Purple leaf Barberry. Variegated leaf Elder. 

Variegated leaf Dogwood. Golden Elder. 

Golden leaf Syringa. Golden Spirea. 
Golden leaf Hop Tree. 

FLOWERING SHRUBS. 



May. 



Juneberry. 
Forsythia. 
Dwarf Double Flowering 

Almond. 
Caragana arborescens. 
Common Lilac. 
Rouen Lilac. 



Van Houtte Spirea. 
Viburnum lantana. 
Mahonia repens. 
Missouri Currant. 
Tartarian Honeysuckle. 
Tree Peonies in variety. 
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June. July. 

Snowball. Spirea billardi. 

Weigelia. Spirea Anthony Watterer. 
Dogwood, Cornus sanguinea. Spirea bumalda. 

Japanese Lilac. Spirea callosa alba. 

Josikea Lilac. Spirea sorbifolia. 

Rosa rugosa. Clematis virginiana. 

Viburnum opulus. Tamarix amurensis. 
Mock Orange. 

Syringa in variety. August and September. 
Herbaceous Peonies. 

Clematis jackmanni, and Hydrangea grandiflora. 

others. Clematis paniculata. 

SHRUBS WHICH PRODUCE ORNAMENTAL 

FRUIT. 

Barberry, scarlet and violet fruit in September. 
Red Twig Dogwood, white fruit in September. 
Burning Bush, red and yellow fruit in September. 
Bush Honeysuckle, red and yellow fruit in July and 
August. 

Common Buckthorn, black fruit in autumn. 

Red Berried Elder, red fruit in July. 

Common Elder, purple fruit in August and September. 

Wax Berry, white berries all winter. 

Viburnum tomentosum, purple fruit in September. 

High Bush Cranberry, red or yellow fruit in autumn. 

Mahonia repens, bluish fruit in July. 

SHRUBS FOR PLANTING IN SHADY SITUATIONS. 

Barberry. Mahonia repens. 

Dogwood (Cornus panicu- Ribes alpinum. 

lata). Rubus sorbifolius. 

Dogwood, (Cornus san- Wax Berry. 

guinea). Indian Currant. 

Dogwood (Cornus siberica.) Wax Berry (Synphoricaspus) 

Dogwood (Cornus stoloni- Indian Currant (Synphori- 
fera). cos pus). 
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Fig. 1. — VlfKlnia Creeper aa a hedce pl&nt. 



rig. 1— FluiUtws well mmd*. 
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matls (Clematis coccinea). Fif. i. — Tlrstnla Cr*«i»er naad *■ > aplnL 
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PlK- S.— The 1 



FlK. B.— Oood use of Virginia Creeper at Agricultural HJch Sobool, 
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Fig. 9. — The Wild Cucumber quickly makes a cover for unsightly places. 



Fl». 10. — EBgelmann form of Virginia Creeper 
Valuable (or covering t-'-"- — 
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Fls. 13.— Bed oC >i 



Ornamental trees ANb shriJbs. 



Fig. 14. — Roses and shrubs well protected tor wlnte 



Fig-. 16. — Roaos In winter qunrtera. Fler. IS. — Koses In winter 
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FlB- 17.— A cheap ruitlo bridge. Pig. 18.— HedeeB of Arborvltae In 



Fir H, — Buckthorn hedge. 



ORNAMENTAL TREES AND SHRUBS. 



Fig. iO. — An unusual way of trlmmtnK a 



'.. ^ern 



Currant (ftlbes alplnui 
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T\g. 23.— A house of a lover of flowers. Mrs. Sawyer's plac« a 



Wig. SI, —Picturesque setting for a home. Home of the late J. S. HarH*. 
Ija Crescent. 
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Fig. 25.— The picturesque home of O. M. Lord. Mlnnwota City, Minn. 



Ptg-. 26. — Good g-eneral treatment. 
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Fig. 28. — The Japanese Garden at Como Park, St. Paul, Mini 
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Pig, 29. — Combination of park and forestry. Heldelbi 



1 havfiiE a »ooa t 
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Fig. S2. — Profitable and sensible lawn mowera, Hyde Park. London. 
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Fig. 3S.— Part of ( 



i known by his deeds. The flagman e 
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fitlway K^rdenlnK. Station t 



Fig. 36. — Qood tyi.f nf rnllway gardeninK. Station at Wellesley Farms. 
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Pig, 37, — Portion of railway station and grounds at Auburndale, Mass. 



FIgr. 38. — BtLllroad Station and grounds. Lake City, Minn. 
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intereating walk. 
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Fig. i I. — Ulxed border plants used as a e 
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FlS. 4C. — The perennial bed in September. 



JFlg. 46.— Plantings at the base of tall butldinga reduces ^t^!i-"*j^pai^fBt 
height. " *■' > '" • 
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— The Tralllne Juniper. 



Flff. it. — W»«plnK Houataln Aab In St. Paul. 
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Flff. 60 — Holly bocks. 



Fl». Sl^^Tbfl WIW Cucumber 
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Fig. B8.— Tiger Lilies. Fig. 63.— Nlnebark {Splraa opulilo 



Fig. 64— The beautiful Autumn Daisy (pyrethrum iillKln< 
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(Tamarlx annirensis). 



irge Bpectiqen of Splrea Van Houttel. 
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Fig. ES. — The lawn replaced with flowers. Home of the late J. 8. Harris. 
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Fig. GO. — Irises and Peonies. 



FIb. 61— The Rouen Lila 



ORNAMENTAL TREES AND SHRUBS. 



Fie. 82.— Golden Elder In flower. Fig. 63.— Welgelia r 
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Pig. efi. — Siberian Pea Tree {Cara- Fig. 67,— Powers of Japanese Tres 
Ka.na arbarescena). Lilac. 



Fig. 69. — Japanese Tree Lilac. 
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1 Ita spiral Bbaped tops. 
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Fig. 74. — Buds of Buffalo Borry. 
To the left, branch with Btamlnate 
buda; to the rig-ht, branch with pis- 
tillate buds. 



Flff. 75. — Tartarian Mapla (Acer 



Fig. 78. — Q«Id«ii Glow. 
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from Mountalni 
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pirea buma.lda. 



Pig. 84.— Vftn Houttel Bpirea. ^ . . 

* TTM flowMTinr compact shru 

rith bright crlmaon " 
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Fig. ST. — Dawson Rose. 



Rosa &s a atandard. 



Fig-. 89. — Prairie Quean Roae. 
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FlK. II. — H«adDW Sweat (Spire 
MUelfOllft). 

Wlnnesota it bHbIi 
Bcted In winter. 
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. 91.— SwMt VIUlBm, Flff. SE.— Campanula. 



Fla:. 96. — The Eocconla cordata is Fig. 97. — Lemolnt 
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Fig. 101. — Syringa or Mock Orange. 
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FiK- 103. — TuccB fllomantot 



Fls. 104.— Sellow Day lAly Id Fie. lOG.— OriMItsI Poppy. 
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Tig. lOB. — Platyoodor 



» nt May Day Tree. 
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Pajfe 

A Better Method 210 

Acanthomeridae 82 

Achillea .* 286 

Acroceridae 85 

Actinidea 283 

Agromyzidae 105 

Akebia 283 

Alder 244 

Alpine Currant 272 

Althea 287 

Amelanchier 264 

Ampelopsis 283 

Anthomyldae 122 

Ants in House 11 

Apioceridae 88 

Aquilegia 287 

Aralia 264 

Arborvitae 264 

Aristolochia ^ 284 

Arrow Root 277, 278 

Arundo 287 

Artemisia 288 

Asclepias 287 

Ash 247, 253, 278 

Asilidae 86 

Aster 287, 288 

B 

Baby's Breath 290 

Balsam 258, 259 

Barberry 264, 265 

Basswood 257 

Bat Tick 164 

Bean Maggot 123 

Beech 245 

Bee Louse 164 

Bibionidae 68 

Birch 244, 245 

Bitter Sweet 284 

Black Flies 70 

Blanket Flower 291 

Bleeding Heart 289 

Blepharoceridae 38 

Bocconla 288 
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Boltonia 288 

Bombyliidae 89 

Book Louse in houses 11 

Borboridae 105 

Bot Flies 125 

Bot Fly of Man 139 

Braulidae 164 

Breeze Flies 76 

Buckthorn 271 

Buffalo Gnats 70 

Bulbs 306 

Bull Thistle 232 

Burdock 232 

Burning Bush , 266, 267 

Bush Honeysuckle t *. 268 

Butternut 248 



* 



C 



Cabbage Maggot 16, 122 

Campanula 289, 294 

Canada Thistle 232 

Caragana 265 

Cardinal Flower 292 

Cassia 289 

Catalpa 246 

Cecidomyidae 57 

Cedar 259, 260, 263, 264 

Celastrus 284 

Chalk Plant 290 

Cherry 252, 253 

Chionanthus 275, 276 

Chironomidae 52 

Clean Seed 210 

Clematis 284, 289 

Cockle Bur 232 

Columbine 287 

Cone Flower 295 

Canopidae 103 

Convallaria 288 

Coreopsis 289 

Corn, fertilizer test with 179-184, 185 

Corn Cockle 214 

Corn worm 8 

Cottony Maple Scale 8 

Culicidae 40 

Curled Dock 237 

Currant 272 

Cyrtidae 85 

D 

Daisy 294, 295 

Deciduous Trees 289 

Destroy by thorough bare-fallow 207 

Deutzia 266 

Dexiidae 159 

Dicentra 289 

Dictamnus 290 
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Digging by hand 207 

tiigitalis 290 

Diopsidae 113 

Diptera 19 

Diptera, Synopsis of 32 

Discing stubble fields 199 

Dixidae 39 

Docked 23 pounds per bushel 196 

Dogwood 265, 266 

Dolichopodidae 94 

Double Flowering Almond 270 

Douglas Spruce 263 

Drosophilidae Ill 

Dutchman's Pipe 284 

E 

Easy methods not usually successful 205 

Elder 273 

Eleagnus 247, 266 

Elm 257, 258 

Empididae 93 

Entomologists' College and School Work 17 

Eradication of Annuals 198 

Eradication of Biennials 204 

Eradication of Perennials 205 

Eulalia 290 

Evergreen Trees 259-265 

Experimental Garden 15 

F 

False Chamomile 288 

False Flax 220 

Farms can be cleaned of weeds 197 

Fertilizer Test with Wheat and Corn 165-187 

Fleur de Lis 291-292 

Flies, Key to 3 2 

Flour Moth 11 

Flowers, Fertilized by Cecidomyid Flies 58 

Fly, Anatomy of 24 

Fly, Dorsal View 25 

Fly, Eye of 25 

Forsythia 267 

Foxglove 290 

French Weed 219 

Frit Fly 106 

Funkia 290 

G 

Gad Flies 76, 125 

Gallardia 291 

Galls on Elm Leaves 10 

Galls on Plum Leaves 8 

Gas Plant 290 

Geomyzidae 105 

Ginkgo 255 

Golden Bell 267 

Golden Spirea 274 
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Gordon's Currant 272 

Grape 286 

Grass 301 

Grasshoppers on Alfalfa 8 

Gypsophilia 290 

H 

Hackberry 245 

Halesia 267 

Harebell 289 

Helenium 291 

Helianthus 291 

Helomyzidae 119 

Hemlock 263 

Herbaceous Perennials 286-297 

Hessian Ply 60 

Heteroneuridae 119 

Heucheria 297 

Hibiscus 291 

Hickory 245 

Highbush Cranberry 278 

Hipercricum 262 

Hippoboscidae 159 

Hollyhock 287 

Honey Locust 246 

Honeysuckle 268, 269, 285 

Hop Tree 270, 271 

Hornbeam 249 

Horn Fly 148 

Horse Bot Fly 125 

Horse Chestnut 243, 269 

Horse Flies 76 

House Fly 145 

House Fly Disease 146 

House Fly, A Germ Carrier 147 

How weeds Get Into Fields 196 

Hydrangea , 267, 268 

I 

Insect Conditions, 1905 7 

Iris 291, 292 

Ironwood 250 

Ivy 283 

J 

Juneberry 264 

Joint Worm 8 

Juniper 259, 260 

K 

Kentucky Coffee Tree 248 

Kerosene 206 

Kerria 268 
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L 



Lambsquarter 222 

Larch 248, 249 

Larkspur 289 

Lathyrus 292 

Lawn 301-303 

Fertilizer 302, 303 

Mowing •. 302 

Renewing 302 

Re-seeding 303 

Sodding : 301 

Sowing Seed 301 

Leaf Hopper 15 

Leptidae 83 

Ligufitrum 268 

Lilacs 276, 277 

Lilies 292 

Lilly of the Valley 288 

List of Trees, Shrubs, Vines 308-314 

Lobelia 292 

Locust 254 

Lonchopteridae 98 

Lonicera 268, 269, 285 

Loss caused by weeds 195 

Louse Flies 159 

Lysemachia • 292 

M 

Magnolia 249 

Malaria, Transferred by Mosquito 50 

Mallow 291 

Maple 241-243 

Micropezidae 115 

Milkweed 287 

Missouri Currant 272 

Mock Orange 269 

Morning Glory 233 

Mosquitoes 40 

Mosquitoes, Breeding Habits 43 

Mosquitoes, Enemies of 46 

Mountain Fleece 249 

Mulberry 249 

Muscidae 143 

Muscidea 105 

Mycetophilidae 54 

Mydaidae 88 

Myrica 269 

N 

Nemistrinidae 86 

Nitrogen, Loss from Soil 188-194 

*'No-see-ums" 53 

Nurseries 12 

Nursery Accounts 12 

Nycteribiidae 164 



Oak 

Oeatridae 

Oil Berry 

OrrhnephlUdae 

Ortalldae 

Osclnldae 

Ox Bot Flies . . 



>Hsturins Stubble Fields . 

Pavia 

Pearl BuBh 



Parennial Garden 

Care o( 

Pertpl:ca 

-PhalarlB 

Phlladephua 

Pblox 

Phorldae 

Phycodromldae 

Pigeon Grass 

Pig Weed 

Pines 

Plpunculidae 

Tlantain Lily 

Planting List 

Planting Perennials . . . . 
■ Planting Trees, Shrubs . 

Platycodon 

Platypezidae 

Plum Curculio 

Polygonum 

Poplar 

Popples 

Prickly Ash 

Privlt 

Prunus 

Psilldae 

Psychodidae 

Ptella 

Pulling by liand 

Pyrethrum 



Quack Grass . 



Rag Weeds 

Raspberry 

Red Cedar 

Red Hot Poker 

Remedies for Black Flies . 



INDEX 359 

Remedies for Cabbage Maggot 122 

Remedies for Frit Fly 107 

Remedies for Hessian Fly 60 

Remedies fcr Horn Fly 149 

Remedies for Horse Bot Flies 1J>8 

Remedies for Horse Flies, Gad Flies 79 

Remedies for Mosquitoes 43 

Remedies for Ox Bot Fly (Warble Fly) 135 

Remedies for Screw Worm Fly 155 

Remedies for Sheep Bot Fly 131 

Remedies for Sheep Tick 161 

Reaiedies for Wheat Stem Maggot 107 

Rhamnus 271 

Rhopalomeridae 119 

Rhus 271 

Rhyphidae 67 

Ribbon Grass 293, 294 

Ribes 272 

Rom Rugsa 267 

Rose of Sharon 267 

Roses 278-283 

Rotation of crops 210 

Rotation the true Remedy 202 

Rudbeckia 295 

Russian Olive '. '. . 247, 266 

S 

St. John's Wort 268 

Salt ; . . . 2(i<^ 

Sambucus 273 

Sapromyzidae 118 

Sarcophaeidae 141 

Scatomyzidae 121^ 

Scenopinidae 92" 

Sciomyzidae . 120 

Screw-worm Fly 1.53 

Pea Buckthorn 267 

Senna 289 

Sepsidae 114 

Service Berry 264 

Sheepberry 277, 278 

Sheep Bot Fly 130 

Sheep Tick / • 160 

Shrubs 264-278, 309, 312, 313 

Silk Vine 286 

Simuliidae 70 

Smart Weed 237 

Smothering 205 

Sneeze Weed 291 

Snowball .' 278 

Snowberry 275 

Soil Investigations 165-194 

Soil, Loss of Nitrogen 188-194 

Spanish Bayonet 296 

SDiderwort 295 

Spirea 273, 295 

Thumbergii 274 

Van Houtter 274 
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Spruces 261-263 

Stratiomyldae 80 

Sulphuric Acid 206 

Sumach 271-272 

Sunflower 291 

Suscutan Berry 264 

Syringa 269, 270. 276, 277 

Syrphidae 98 

T 

Tabanidae 76 

Tachina Flies, Beneficial Parisites 156 

Tachinidae 156 

Tamarack 248, 249 

Tamarix 277 

Tanacetum 295 

Tansy 295 

Tar Paper 207 

Teconia 286 

Therevidae 91 

Thistle Butterflies 9 

Thorn , . . . 246 

Three classes of Crops 197 

Tick Seed *. . 289 

Tiger Lily 292 

Tipulidae 36 

Tradescantia 295 

Tree of Heaven 243 

Trees 308-312 

Trit'^nia 296 

Trumpet Creeper 286 | 

Trypetldae 117 ' 

Tulip Tree 248 

U 

Use of Cultivated Crops 201 

Use of Quick Growing Crops 200 

Use of Winter Grain 200 

V 

Value of rotation demonstrated 203 

Viburnum 277, 278 

Vines 283-287, 310, 311 j 

Virginia Creeper 283 ,i 

Virgin's Bower 284, 285, 289 I 

Vitis 286 

W 

Walnut 248 

Warble Flies 133 

Wax Plant 284 

Weeds Germinate in Fall 199 

Weeds Live for Years in the Ground 196 

Weigelia 266 

Wheat, Fertilizer Test with 165-179, 185 

Wheat Midge 64 

Wheat Stem Maggot 8, 107 



INDEX 361 

White Grub in Lawns iv 

Wild Barley 216 

Wild Buckwheat 222 

WMld Mustard 218 

Wild Oats 214 

Willow 255-257 

Wistaria 286 

Woodbine 285 

Work of Year 1905 li 

Wormwood 288 

X 

Xanthcxythum 278 

Y 

Yarrow 286 

Yellow Fever Misquitoes 51 

Yucca 296 
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